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ABSTRACT
CHRONIC EXPOSURE OF BROOK TROUT TO SUBLETHAL LEVELS OP DDT 
I ,  Some E f f e c t s  on R e p ro d u c t io n .
by
KMNETH J .  MACK
T h is  i n v e s t i g a t i o n  was c o n c e rn e d  w i th  th e  e f f e c t s  o f  
s u b l e t h a l  l e v e l s  o f  DDT on r e p r o d u c t io n  i n  th e  b rook  t r o u t  
( S a l v e l i n u s  f o n t i n a l i s ) . The v a r i a b l e s  s t u d i e d  w ere  th e  
number o f  m a tu re  ova  p ro d u c e d ,  t h e  p o te n c y  o f  t h e  g am e te s ,  
and th e  v i a b i l i t y  o f  t h e  eg g s  and sa c  f r y .  S e x u a l ly  m a tu r in g  
y e a r l i n g  f i s h  were exposed  t o  DDT a t  v a r i o u s  r a t e s  f o r  a  
p e r i o d  o f  156 d a y s .  Egg number was d e te rm in e d  by d i r e c t  c o u n t  
i n  89 f e m a le s .  S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  th e  
a d j u s t e d  mean egg number o c c u r r e d  among th e  e x p e r im e n ta l  
g ro u p s .  The p o te n c y  o f  g a m e te s ,  a s  w e l l  a s  th e  v i a b i l i t y  o f  
eg g s  and s a c  f r y ,  was o b se rv e d  i n  g ro u p s  r e p r e s e n t i n g  7 
m a t in g  c o m b in a t io n s  o f  g am e te s  from t h e  v a r i o u s  t r e a tm e n t  
g ro u p s*  M o r t a l i t y  was s i g n i f i c a n t l y  h i g h e r  i n  5 o f  th e  6 
m a t in g  c o m b in a t io n s  i n  w hich  a t  l e a s t  one o f  t h e  g am e te s  
came from an a d u l t  exposed  t o  DDT th a n  i n  t h e  c o n t r o l s .
The p e r i o d  o f  peak  m o r t a l i t y  among t h e  sac  f r y
v
o c c u r r e d  j u s t  b e f o r e  th e y  r e a c h e d  t h e  f e e d i n g  s t a g e .  T h is  
p e r i o d  c o in c id e d  w i th  t h e  p e r i o d  o f  maximum u t i l i z a t i o n  o f  
y o lk  f a t  r e p o r t e d  f o r  o t h e r  sa lm o n id  f r y ,  and i n d i c a t e d  t h a t  
i n s e c t i c i d e  r e s i d u e s ,  d e p o s i t e d  i n  t h e  e g g s ,  were r e l e a s e d  
a t  t h i s  t im e  and r e s u l t e d  in  t h e  i n c r e a s e d  m o r t a l i t y .
These e f f e c t s  o c c u r r e d  i n  f i s h  c o n t a i n i n g  r e s i d u e  l e v e l s  
c o m p arab le  t o  t h o s e  r e p o r t e d  i n  w i ld  f i s h .
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INTRODUCTION
Much o f  t h e  e a r l y  r e s e a r c h  i n  t h e  a r e a  o f  f i s h -  
p e s t i c i d e  r e l a t i o n s h i p s  p l a c e d  p r im a ry  e m p h as is  on l e t h a l  
l e v e l s  and t h e  u s e  o f  m o r t a l i t y  a s  a  c r i t e r i o n  f o r  m e a su r in g  
th e  r e s u l t s  o f  p e s t i c i d e  c o n ta m in a t io n  o f  an a q u a t i c  e n v i r o n ­
m ent. However, t h e  e v a l u a t i o n  o f  a  t o x i c a n t  i n  te rm s  o f  k i l l  
o r  no k i l l  i s  a  l i m i t e d  a p p ro a c h  to  th e  p rob lem  o f  t o x i c i t y .  
Many s u b t l e  r e s p o n s e s  o f  th e  o rgan ism  a r e  n o t  o b s e rv e d ,  and 
t h e  im p a c t  o f  t h e  t o x i c a n t  on t h e  p h y s io lo g y  o f  t h e  o rg an ism  
i s  n e v e r  c o m p le te ly  u n d e r s to o d .
I t  i s  known t h a t  i n s e c t i c i d e s  f r e q u e n t l y  e n t e r  s u r f a c e  
w a te r s  by t r a n s p o r t  i n  s u r f a c e  r u n o f f  from a g r i c u l t u r a l  and 
f o r e s t  l a n d s ,  by d i r e c t  a p p l i c a t i o n  f o r  i n s e c t  c o n t r o l ,  and 
by d r i f t  from la n d  and a e r i a l  s p r a y s .  T h is  h a s  r e s u l t e d  in  
th e  w id e sp re a d  o c c u r r e n c e ,  i n  a q u a t i c  h a b i t a t s ,  o f  i n s e c t i ­
c i d e s  i n  q u a n t i t i e s  be low  t h e  l e v e l s  a c u t e l y  t o x i c  to  a q u a t i c  
l i f e  (W elch and S p i n d l e r ,  1964; Weaver e t  a l . ,  1965; L au e r  
e t  a l . ,  1 9 6 6 ) .  S in c e  c o n t in u e d  u s e  o f  i n s e c t i c i d e s  i s  
r e q u i r e d  f o r  t h e  p r o t e c t i o n  o f  a g r i c u l t u r a l  c r o p s ,  and th e  
e r a d i c a t i o n  o f  d i s e a s e  v e c t o r s ,  s t u d i e s  to  d e te rm in e  th e  
e f f e c t s  o f  c h ro n ic  e x p o su re  t o  s u b l e t h a l  l e v e l s  o f  i n s e c t i ­
c i d e s  have  become i m p o r t a n t .  To u n d e r s t a n d  t h e s e  e f f e c t s  i t  
i s  n e c e s s a r y  t o  e v a l u a t e ,  n o t  m ere ly  t h e  a b i l i t y  o f  t h e  
o rg a n ism s  to  s u r v i v e ,  b u t  a l s o  t h e i r  a b i l i t y  to  c a r r y  o u t  
r e p r o d u c t io n  and o t h e r  fu n d a m e n ta l  l i f e  p r o c e s s e s .
1
2S e v e ra l  r e p o r t s  h av e  a p p e a re d  d e s c r i b i n g  e f f e c t s  o f  
c h ro n ic  e x p o su re  t o ,  w hat i n  some c a s e s  a r e  te rm e d ,  s u b l e t h a l  
l e v e l s  o f  i n s e c t i c i d e s  on f i s h  (Mount, 1962; Lowe, 1964;
A l l i s o n  e t  a l . ,  1964; B u rd ick  e t  a l . ,  1964; Andrews e t  a l . ,
1 9 6 6 ) .  Mount (1 9 6 2 ) ,  w ork ing  w i th  e n d r in  and b l u n tn o s e  min­
nows ( P im e p h a le s  n o t a t u s ) . r e p o r t e d  o n ly  one t r e a t m e n t  w i th  
low  m o r t a l i t y  and f a i l e d  to  d e m o n s t r a te  any s i g n i f i c a n t  e f f e c t s  
from t h i s  t r e a t m e n t .  Based on t h e  r e s u l t s  o f  t r e a t m e n t  l e v e l s  
which d id  p ro d u c e  c o n s i d e r a b l e  m o r t a l i t y ,  he r e p o r t e d  t h a t  
c h ro n ic  e x p o su re  t o  e n d r in  c a u se d  h y p e r s e n s i t i v i t y  t o  s t i m u l i  
and s u g g e s te d  t h a t  t h i s  c o u ld  be  s i g n i f i c a n t  i f  i t  d i s r u p t e d  
spaw ning b e h a v i o r .  T h is  l a t t e r  e f f e c t  was, i n  f a c t ,  shown to  
o c c u r  i n  m edakas ( O r.yz ias  l a t i p e s ) exposed  to  e n d r in  ( Jo h n s o n ,
1 9 6 7 ) .  A l l i s o n  e t  a l .  (1964) r e p o r t e d  s t a t i s t i c a l l y  s i g n i f i ­
c a n t  m o r t a l i t y  o f  a d u l t  c u t t h r o a t  t r o u t  ( Salmo c l a r k i  l e w i s l ) 
i n  th o s e  DDT t r e a t m e n t s ,  f o r  w hich  th e y  s u b s e q u e n t ly  demon­
s t r a t e d  s i g n i f i c a n t  i n c r e a s e d  m o r t a l i t y  o f  s a c  f r y .  When a d u l t  
m o r t a l i t y  d i f f e r e d  o n ly  s l i g h t l y  from t h e  c o n t r o l s ,  no m easu­
r a b l e  e f f e c t s  o f  t h e  i n s e c t i c i d e  on r e p r o d u c t io n  were e v i d e n t .  
B u rd ick  e t  a l .  (1964) r e p o r t e d  t h a t  c o m p le te  l o s s e s  o f  l a k e  
t r o u t  ( S a l v e l i n u s  nam avcush) s a c  f r y  were p o s i t i v e l y  c o r r e l a t e d  
w i th  t h e  DDT c o n te n t  o f  th e  eg g . S in c e  d a t a  w ere  n o t  a v a i l a b l e  
on th e  m o r t a l i t y  o f  t h e  a d u l t s  i n  th e  w i ld  p o p u l a t i o n s  from 
which t h e s e  e g g s  w ere  o b t a i n e d ,  i t  was im p o s s ib le  to  d e te rm in e  
w h e th e r  o r  n o t  s u b l e t h a l  e f f e c t s  were d e s c r i b e d .  Andrews e t  
a l .  (1966) f a i l e d  to  d e m o n s t r a te  any s i g n i f i c a n t  e f f e c t s  on
3b l u e g i l l s  (Lepom is m a c r o c h i r u s ) from l e v e l s  o f  h e p ta c h l o r  
w hich  d id  n o t  p ro d u c e  c o n s i d e r a b l e  m o r t a l i t y .  Lowe (1964)> 
e x p e r im e n t in g  w i th  l e v e l s  which p ro d u ce d  no m o r t a l i t y  among 
t h e  t e s t  f i s h ,  f a i l e d  t o  show any ch an g es  i n  s p o t  (L e io s to m u s  
x a n t h u r u s ) due to  to x a p h e n e .
The r e p o r t s  c i t e d  above have d e s c r i b e d  s i g n i f i c a n t  e f f e c t s  
o f  i n s e c t i c i d e s  o n ly  on s u r v i v o r s  o f  l e v e l s  l e t h a l  t o  a  p o r t i o n  
o f  t h e  p o p u l a t i o n  (B u rd ic k  e t  a l . ,  1964, may be  an e x c e p t i o n ) .  
T here  i s  c o n s i d e r a b l e  d o u b t  w h e th e r  th e  te rm  s u b l e t h a l  a cc u ­
r a t e l y  d e s c r i b e s  su c h  l e v e l s .  S u th e r l a n d  e t  a l .  (1967) p o i n t e d
o u t  t h a t  even  t h e  LC^q i s ,  by d e f i n i t i o n ,  s u b l e t h a l  t o  50$> o f
t h e  p o p u l a t i o n  o v e r  th e  i n d i c a t e d  tim e  i n t e r v a l .  They s u g g e s te d  
t h a t  s t u d i e s  t o  d e te rm in e  t h e  e f f e c t s  o f  s u b l e t h a l  d o sa g e s  be 
b a s e d  on l e v e l s  s u b l e t h a l  t o  th e  e n t i r e  p o p u l a t i o n .
The p a r a m e te r s  i n v e s t i g a t e d  i n  th e  p r e s e n t  s tu d y  a s  mea­
s u r e s  o f  t h e  e f f e c t s  o f  t r u e  s u b l e t h a l  l e v e l s  o f  DDT on r e p r o ­
d u c t i o n  i n  th e  b rook  t r o u t  ( S a l v e l i n u s  f o n t i n a l i s ) were t h e  
s i z e  and number o f  m a tu re  ova  p ro d u c e d ,  t h e  p o te n c y  o f  th e
g a m e te s ,  and th e  v i a b i l i t y  o f  t h e  eggs and sa c  f r y .
t
4MATERIALS AND METHODS
T h is  e x p e r im e n t  was began  i n  Ju n e  1966 and c o m p le te d  
i n  F e b ru a ry ,  1967 . A l l  f i s h  were exposed  to  th e  i n s e c t i c i d e  
a t  t h e  New H am pshire  F i s h  and Game D epartm en t R e a r in g  S t a t i o n  
i n  New Durham, N.H. The c h a r a c t e r i s t i c s  o f  th e  w a te r  a t  t h i s  
s t a t i o n  d u r in g  t h e  e x p e r im e n ta l  p e r i o d  were* t e m p e r a tu r e ,  2 -18 °  
C; pH, 7 . 4 - 7 . 6 ;  d i s s o l v e d  oxygen , 8 . 0 - 1 2 .6  ppm; f r e e  c a rb o n  
d i o x i d e ,  1 . 0 - 2 . 0  ppm; t o t a l  a l k a l i n i t y  a s  CaCO^, 1 1 .2 - 1 4 .0  ppm.
A g roup  o f  280 y e a r l i n g  b rook  t r o u t ,  w i th  a  mean w e ig h t  
o f  162 g ,  was s u p p l i e d  by t h e  New H am pshire  F i s h  and Game 
D e p a r tm en t .  These f i s h  w ere  random ly  d iv id e d  i n t o  f o u r  t r e a t ­
m ent g ro u p s  and h e ld  i n  r e c t a n g u l a r  o u td o o r  racew ay  p e n s .
Group R - l  s e rv e d  a s  a  c o n t r o l .  O th e r  g ro u p s  were exposed  to  
DDT a t  t h e  r a t e s  o f  0 .5  (R -2 ) ,  1 . 0  (R -3 ) ,  and 2 .0  (R-4) 
m g/kg /w eek . The e x p o su re  p e r i o d  was 156 d a y s ,  from Ju n e  2 to  
November 7 ,  1966.
E n to m o lo g ic a l  S o c i e ty  o f  Am erica P e s t i c i d e  R e fe re n c e  
S ta n d a rd  DDT ( t e c h n i c a l  g ra d e  7 7 .2 #  p , p f i so m e r)  was in c o r p o ­
r a t e d  i n t o  a  t h r e e  m i l l i m e t e r  d ia m e te r  p e l l e t  f e e d .  The 
fo r m u la  f o r  th e  d i e t  u se d  i n  t h e  e x p e r im e n t  and i t s  s o u r c e  
a r e  g iv e n  i n  T ab le  1 .  The DDT was d i s s o l v e d  i n  a c e to n e ,  added 
t o  t h e  c o rn  o i l ,  and i n c o r p o r a t e d  i n t o  t h e  d i e t .  A n a ly se s  o f  
t h e  f e e d  i n d i c a t e d  t h a t  9 0 -9 5 #  o f  th e  c a l c u l a t e d  d o sa g e  was 
a c h ie v e d  by t h i s  m e thod . F i s h  w ere  w eighed e v e ry  28 d a y s  to  
c a l c u l a t e  f e e d in g  l e v e l s .  Brook t r o u t  w ere  f e d  12  t im e s  p e r
5week, a t  65# o f  t h e  r a t e  recommended f o r  m o is t  f e e d  by Deuel 
e t  a l .  ( 1 9 5 2 ) .  A l l  g ro u p s  were g iv e n  u n t r e a t e d  p e l l e t s  f o r  10 
d a y s  p r i o r  t o  t h e  s t a r t  o f  th e  e x p e r im e n t  t o  i n s u r e  s a t i s f a c ­
t o r y  a c c e p ta n c e  o f  th e  f e e d .  The d e s i g n a t e d  l e v e l  o f  e x p o su re  
was a c h ie v e d  by m ix in g  p r o p o r t i o n a t e  am ounts o f  D D T -trea ted  
f e e d  (n e v e r  l e s s  th a n  80 #  o f  t h e  t o t a l  d a i l y  r a t i o n )  w i th  
u n t r e a t e d  f e e d .  I n  v iew  o f  th e  s t a b i l i t y  o f  t h e  p e l l e t  i n  
w a te r ,  and th e  r a p i d i t y  w i th  w hich  i t  was consumed, i t  was 
assumed t h a t  v e ry  l i t t l e  o f  th e  c a l c u l a t e d  d o sag e  f a i l e d  to  
be  d e l i v e r e d .
On November 9 , eg g s  were t a k e n  from 21 fe m a le s  and f e r t i ­
l i z e d  u s i n g  v a r i o u s  m a t in g  c o m b in a t io n s  ( s e e  T ab le  2 ) .  B ecause  
o f  t h e  l i m i t e d  f a c i l i t i e s  a v a i l a b l e ,  no g am e te s  from t h e  l o ­
w e s t  d o sag e  g roup  were u t i l i z e d  i n  p r o d u c in g  f e r t i l i z e d  eg g s . 
F o r  each  m a t in g  c o m b in a t io n ,  t h r e e  p a i r s  o f  f i s h  were s t r i p p e d .  
A f t e r  w a te r  h a rd e n in g ,  t h e  f e r t i l i z e d  eggs  were t r a n s f e r e d  to  
t h e  S t a t e  o f  New H am pshire  F i s h  H a tc h e ry  i n  New Hampton, N .H .,  
w here th e y  were in c u b a te d  on egg t r a y s  a t  a  t e m p e r a tu r e  o f  
7 £  1°C u n t i l  h a t c h in g .  The sac  f r y  were h e ld  u n t i l  t h e y  
r e a c h e d  th e  f e e d i n g  s t a g e ,  a t  w hich  t im e  th e y  were f i x e d  in  
B o u in ’ s  s o l u t i o n  and p r e s e r v e d  f o r  r e s i d u e  a n a l y s i s .  Dead 
f e r t i l i z e d  eggs and s a c  f r y  were removed tw ic e  w eekly  and th e  
m o r t a l i t y  was r e c o r d e d .  F e r t i l i z a t i o n  was d e te rm in e d  by exa­
m in in g  c o a g u la t e d  eggs c l e a r e d  w i th  a  2 .0 #  NaCl s o l u t i o n .
Y e a r l i n g  f i s h  n o t  u se d  f o r  t h e  gam ete  s tu d y  w ere w eighed , 
m easu red  and s a c r i f i c e d .  The g onad s  and eggs  c o n ta in e d  i n  th e
6body c a v i t y  w ere  removed and p r e s e r v e d  i n  D a v id s o n 's  s o l u t i o n  
a c c o rd in g  t o  t h e  m ethod d e s c r ib e d  by H enderson  (1963)* Bggs 
w ere  c o u n te d  d i r e c t l y  and th e  mean egg d i a m e te r s  were d e t e r ­
m ined a c c o rd in g  t o  th e  m ethod o f  V ladykov (1 9 5 6 ) .
Body w e ig h t  and body l e n g t h  d a t a  were a n a ly z e d  f o r  d i f ­
f e r e n c e s  due to  DDT t r e a t m e n t s .  A n a ly s i s  o f  v a r i a n c e ,  u s i n g  
a  m e th o d * fo r  u n e q u a l  s u b c l a s s e s ,  t e s t e d  f o r  main e f f e c t s  o f  
DDT l e v e l  and s e x ,  a s  w e l l  a s  f o r  i n t e r a c t i o n  be tw een  m ain 
e f f e c t s .  M u l t i p l e  c o v a r i a n c e  a n a l y s i s  was co m p le te d  u s i n g  
f i s h  w e ig h t  i n  gram s (X-^) and mean egg d ia m e te r  i n  m i l l im e ­
t e r s  (X2 ) a s  th e  in d e p e n d e n t  v a r i a b l e s ,  and th e  number o f  
m a tu re  o v a  p ro d u ce d  (Y) a s  th e  d e p en d e n t  v a r i a b l e .  The 
m ethods u s e d  were t h o s e  d e s c r ib e d  by S t e e l e  and T o r r i e  ( i 9 6 0 ) .  
D i f f e r e n c e s  be tw een  means were t e s t e d  f o r  s i g n i f i c a n c e  u s i n g  
D u n can 's  M u l t i p l e  Range T es t  a s  m o d if ie d  f o r  u n e q u a l  s u b c l a s s e s  
by Kramer (1 9 5 6 ) .  The X - t e s t  f o r  d i f f e r e n c e s  i n  egg and f r y  
m o r t a l i t y  among m a t in g  c o m b in a t io n s ,  and t h e  i n d i v i d u a l  d e g re e  
o f  freedom  c o m p a r is o n s ,  were c o n d u c te d  u s i n g  t h e  m ethods 
d e s c r i b e d  f o r  b in o m ia l  p o p u l a t i o n s  by  L i  (1 9 6 4 ) .  M odels o f  
t h e  s t a t i s t i c a l  a n a l y s e s  a r e  g iv e n  i n  T a b le s  6 - 3 .  S t a t i s t i c a l  
s i g n i f i c a n c e  was b a sed  upon a  p r o b a b i l i t y  l e v e l  o f  0 .0 5 .
The r e s i d u e  a n a ly s e s  t o  d e te rm in e  t h e  am ounts o f  DDT and 
i t s  m e t a b o l i t e s  i n  t h e  f e e d ,  a s  w e l l  a s  whole f i s h ,  e g g s ,  and 
t e s t e s  a t  th e  end o f  t h e  e x p o su re  p e r i o d ,  were c o n d u c te d  by 
t h e  W isconsin  Alumni R e s e a rc h  F o u n d a t io n .  The m ethods u se d  
w ere  t h o s e  recommended f o r  c h l o r i n a t e d  h y d ro c a rb o n s  i n  t h e  
P e s t i c i d e  A n a l y t i c a l  Manual (B a r ry ,  1 9 6 4 ) .  The s a c  f r y ,  ta k e n
7a t  t h e  swim-up s t a g e ,  were a n a ly z e d  u s i n g  s i m i l a r  m ethods a t  
th e  B ureau  o f  S p o r t  F i s h e r i e s  and W i l d l i f e ,  F i r h - P e s t i c i d e  
R e se a rc h  L a b o r a to r y ,  C olum bia , Mo.
R e s u l t s  o f  t h e  r e s i d u e  a n a l y s e s  o f  whole f i s h  o r  i n d i v i ­
d u a l  t i s s u e s  a r e  g iv e n  i n  T ab le  5. R e s id u e s  i n  f i s h  from th e  
c o n t r o l  g roup  p r o b a b ly  w ere  th e  r e s u l t  o f  c o n ta m in a t io n  o f  t h e  
u n t r e a t e d  f e e d ,  w hich was found  to  c o n ta in  0 .3 6  ppm DDT. T h is  
was e q u i v a l e n t  to  a  d o sag e  o f  0 .0 0 6  m g/kg /w eek . E xcep t f o r  
r e s i d u e s  found  i n  t e s t e s  from th e  g ro u p s  r e c e i v i n g  t h e  h ig h e r  
d o s a g e s ,  t h e  r e l a t i v e  am ounts o f  t o t a l  r e s i d u e  i n  f i s h  and 
t i s s u e s  w ere  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  l e v e l s  o f  e x p o s u r e .
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The o n ly  m o r t a l i t y  o c c u r r i n g  d u r in g  t h e  p e r i o d  o f  e x p o su re  
t o  DDT r e s u l t e d  from  n a t u r a l  p r e d a t i o n .  T h is  o c c u r r e d  d u r in g  
t h e  f i r s t  week o f  t h e  e x p e r im e n t  and r e s u l t e d  i n  th e  l o s s  o f  
11 f i s h .  The u s e  o f  w ire  s c r e e n s  o v e r  t h e  racew ay  p r e v e n te d  
t h e  r e c u r r e n c e  o f  su c h  m o r t a l i t y .
A ll  o f  t h e  b rook  t r o u t  were s e x u a l l y  m a tu re  a t  th e  end 
o f  th e  e x p o su re  p e r i o d .  Among th e  f i s h  s a c r i f i c e d ,  t h o s e  from 
t h e  D D T -trea te d  g ro u p s  a p p e a re d  t o  have more abdom inal f a t  
t h a n  d id  t h o s e  from  t h e  c o n t r o l  g ro u p . The mean w e ig h t  and 
mean l e n g t h  o f  f i s h  a t  t h e  end o f  t h e  e x p o su re  p e r i o d  a r e  
g iv e n  i n  T ab le  3. A n a ly s i s  o f  v a r i a n c e  o f  body w e ig h t  d a t a  
showed t h a t  n e i t h e r  t h e  d i f f e r e n c e s  be tw een  s e x e s  n o r  among 
t r e a tm e n t  g ro u p s  w ere  s t a t i s t i c a l l y  s i g n i f i c a n t .  A n a ly s i s  o f  
v a r i a n c e  o f  body l e n g t h  d a t a ,  how ever, showed m a le s  t o  be 
s i g n i f i c a n t l y  l o n g e r  th a n  f e m a le s .  D u n can 's  M u l t ip l e  Range 
T e s t  a p p l i e d  to  t h e  t r e a t m e n t  means f o r  m ale  l e n g t h  showed 
f i s h  exposed  t o  t h e  h i g h e s t  d o sag e  o f  DDT to  be s i g n i f i c a n t l y  
l o n g e r  th a n  c o n t r o l  m a le s .  The i n t e r a c t i o n  betw een i n s e c t i c i d e  
l e v e l  and s e x  was n o t  s i g n i f i c a n t .
M u l t ip l e  c o v a r i a n c e  a n a l y s i s  i n d i c a t e d  a  s i g n i f i c a n t  
r e g r e s s i o n  o f  Y (number o f  m a tu re  ova  p ro d u ce d )  on (w e ig h t  
o f  f i s h  i n  g ram s) and X2 (mean d ia m e te r  o f  eggs i n  m i l l i m e t e r s ) .  
The r e g r e s s i o n  e q u a t io n  was
Y -  y /  3 * lx 1 /  7 4 9 .9x2 .
9No s i g n i f i c a n t  d i f f e r e n c e s  among t r e a t m e n t  g ro u p s  e x i s t e d  f o r  
e i t h e r  o f  th e  in d e p e n d e n t  v a r i a b l e s .  The a n a l y s i s  i n d i c a t e d  a  
s i g n i f i c a n t  d i f f e r e n c e  i n  th e  a d j u s t e d  number o f  m a tu re  o v a  
p ro d u c e d  (T a b le  4 ) .  D u n c an 's  M u l t i p l e  Range T e s t  i n d i c a t e d  t h e  
a d j u s t e d  mean number o f  m a tu re  o v a  f o r  e a c h  o f  t h e  t r e a t e d  g ro u p s  
was s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  f o r  t h e  c o n t r o l  g ro u p .
DDT t r e a tm e n t  a p p e a re d  to  have l i t t l e  e f f e c t  on th e  v i a b i ­
l i t y  o f  t h e  g a m e te s .  The mean p e r  c e n t  f e r t i l i z a t i o n  was 6 3 .1 %, 
w i th  a  r a n g e  among th e  m a t in g  c o m b in a t io n s  o f  5 8 . 0 - 6 9 .2 $ .  F e r ­
t i l i z e d  eg g s  were c o m p le te ly  eyed by th e  4 8 th  d a y ,  and h a tc h e d  
betw een  t h e  64-70  d a y .  Sac f r y  were h e ld  an a d d i t i o n a l  35 d a y s .  
The c u m u la t iv e  m o r t a l i t y  o f  f e r t i l i z e d  egg s  and f r y  to  th e  swim- 
up  s t a g e  i s  i l l u s t r a t e d  i n  F ig u r e  1 .  Each c u rv e  i s  b a sed  on th e  
com bined d a t a  f o r  a l l  o f  th e  egg s  r e p r e s e n t i n g  eac h  m a t in g  com­
b i n a t i o n .  The c u m u la t iv e  p e r  c e n t  m o r t a l i t y  f o r  eg g s  from i n d i ­
v i d u a l  p a i r s  o f  f i s h  was v a r i a b l e ;  how ever, t h e  m o r t a l i t y  was 
a lw ay s  h i g h e r  among eg gs  which had one o r  b o th  g am e te s  from a  
D D T -t te a te d  f i s h  th a n  m o r t a l i t y  among e g g s  w i th  b o th  gam e te s  
from a  c o n t r o l  f i s h .  S t a t i s t i c a l  a n a l y s i s  o f  th e  m o r t a l i t y  d a t a  
i n d i c a t e d  a  s i g n i f i c a n t  d i f f e r e n c e  among t h e  m a t in g  c o m b in a t io n s .  
I n d i v i d u a l  d e g re e  o f  freedom  c o m p a r iso n s  i n d i c a t e d  m o r t a l i t y  i n  
a l l  o f  t h e  m a t in g  c o m b in a t io n s ,  e x c e p t  S -2 ,  was s i g n i f i c a n t l y  
h i g h e r  t h a n  i n  t h e  c o n t r o l .  The c u m u la t iv e  m o r t a l i t y  c u rv e s  
f o l l o w  one  o f  two g e n e r a l  p a t t e r n s .  The s lo p e  i s  e i t h e r  r e l a ­
t i v e l y  c o n s t a n t  a f t e r  t h e  e i g h t h  week o r  i t  e x h i b i t s  a  d e f i n i t e  
i n c r e a s e  a f t e r  th e  f o u r t e e n t h  week.
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DISCUSSION
The t r e a t m e n t  l e v e l s  and mode o f  e x p o su re  u s e d  i n  t h i s  
e x p e r im e n t  were s i m i l a r  t o  t h o s e  u se d  i n  t h e  i n v e s t i g a t i o n s  
r e p o r t e d  by A l l i s o n  e t  a l .  (1 9 6 4 ) .  However t h e  r e s u l t s  w i th  
r e s p e c t  t o  m o r t a l i t y  were q u i t e  d i f f e r e n t ,  and s e v e r a l  f a c t o r s  
c o u ld  have  b een  r e s p o n s i b l e  f o r  t h i s  d i f f e r e n c e .  The m ost ob­
v io u s  f a c t o r  was t h a t  d i f f e r e n t  s p e c i e s  were i n v o lv e d .  
S c h o e n th a l  (1963) r e p o r t e d  t h a t  b rook  t r o u t  were more r e s i s t a n t  
t o  DDT th a n  c u t t h r o a t  t r o u t  d u r in g  s h o r t  te rm  e x p o s u r e .  O th e r  
f a c t o r s  may have  been s i z e  o f  f i s h ,  w a te r  q u a l i t y ,  n u t r i t i o n ,  
and l a c k  o f  d i s e a s e  i n  t h e  b rook  t r o u t .  A n o ther p o s s i b l e  ex­
p l a n a t i o n  l i e s  i n  th e  m ethods u sed  i n  d e l i v e r i n g  th e  w eekly  
d o sa g e .  I n  th e  c u t t h r o a t  s tu d y  th e  f i s h  r e c e i v e d  th e  e n t i r e  
w eekly  d o sag e  on th e  f i r s t  day  o f  each  week. I n  t h e  b rook  
t r o u t  s tu d y  t h e  f i s h  r e c e i v e d  h a l f  th e  w eekly  d osag e  on t h e  
f i r s t  day and a g a in  on t h e  f o u r t h  day  o f  e ac h  week. I t  i s  
p o s s i b l e  t h a t  t h e  f i s h  were c a p a b le  o f  more e f f i c i e n t l y  m eta ­
b o l i z i n g  s m a l l e r  am ounts o f  DDT g iv e n  more f r e q u e n t l y  th a n  
l a r g e r  am ounts o f  DDT g iv e n  l e s s  f r e q u e n t l y .  I f  t h i s  w ere  t h e  
c a s e ,  t o x i c i t y  m ig h t  be  l e s s  u n d e r  t h e  fo rm e r  c o n d i t i o n s  o f  
e x p o su re  th a n  t h e  l a t t e r ,  a l th o u g h  th e  same l e v e l  o f  e x p o su re  
i s  in v o lv e d .
A cco rd in g  to  A l l i s o n  e t  a l .  (1 9 6 4 ) ,  t h e  c u t t h r o a t  t r o u t  
r e m a in in g  in  t h e  t r e a t e d  l o t s  were l a r g e r  th a n  th o s e  i n  th e  
c o n t r o l s ,  m o reo v e r ,  t h o s e  from h ig h e r  d osage  l o t s  w ere  l a r g e r  
t h a n  th o s e  from  lo w er  d o sag e  l o t s .  The a u th o r s  s u g g e s te d  t h a t
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t h i s  i n c r e a s e  i n  s i z e  was a  p o s s i b l e  i n d i r e c t  e f f e c t  o f  DDT 
due to  h ig h  m o r t a l i t y  o f  s m a l l e r ,  d i s e a s e d ,  s lo w -g ro w in g  f i s h  
i n  t h e  t r e a t e d  l o t s .  My d a t a  (T a b le  3) i n d i c a t e d  t h a t  m ale  
f i s h  from  t h e  h i g h e s t  d o sage  l e v e l  w ere  s i g n i f i c a n t l y  l o n g e r  
th a n  c o n t r o l  m a le s .  A lso , t h e  m a le s  from  th e  lo w e r  d o sage  
l e v e l s  were on t h e  a v e ra g e  l o n g e r  th a n  c o n t r o l  m a le s .  A lth oug h  
no s i g n i f i c a n t  d i f f e r e n c e s  i n  w e ig h t  w ere  i n d i c a t e d ,  a  d e f i ­
n i t e  t r e n d  s i m i l a r  to  t h a t  r e p o r t e d  f o r  c u t t h r o a t  t r o u t  was 
e v i d e n t .  S in c e  t h e r e  was no m o r t a l i t y  among th e  b rook  t r o u t ,  
t h e s e  d i f f e r e n c e s  may be i n d i c a t i v e  o f  a  d i r e c t  e f f e c t  on 
g row th  due to  e x p o su re  to  DDT. Why t h e  d i f f e r e n c e s  i n  w e ig h t  
and l e n g t h  a p p e a r  to  be more p ronounced  i n  t h e  m a le s  th a n  th e  
fe m a le s  i s  a n o th e r  m a t t e r  f o r  s p e c u l a t i o n .  The e x p o su re  o f  
t h e s e  f i s h  o c c u r r e d  f o r  f i v e  m onths p r i o r  to  spaw ning , a 
p e r i o d  d u r in g  w hich  d e v e lo p in g  b rook  t r o u t  eg gs  u n d e rg o  a  
3 - t o - 4 - f o l d  i n c r e a s e  i n  s i z e .  Based on th e  mean l e v e l s  o f  DDT 
r e s i d u e s  fo und  i n  whole f i s h  and eg g s , and on th e  mean w e ig h t  
o f  f i s h  and e g g s ,  I  c a l c u l a t e d  t h a t  a p p ro x im a te ly  1 4 .0 #  (R -3) 
and 1 8 .3 #  (R -4) o f  th e  t o t a l  body r e s i d u e s  were d e p o s i t e d  i n  
t h e  e g g s .  Assuming DDT d o e s  a f f e c t  g ro w th ,  i t  i s  p o s s i b l e  
t h a t ,  d u r in g  t h i s  p e r i o d ,  enough o f  th e  i n s e c t i c i d e  was 
s t o r e d  i n  t h i s  m anner to  p r e c l u d e  an e f f e c t  o f  DDT on g ro w th  
i n  th e  fe m a le  b rook  t r o u t .
D i f f e r e n c e s  i n  t h e  number o f  m a tu re  ova  p ro d u c e d  due to  
i n s e c t i c i d e  e x p o su re  have n o t  been  p r e v i o u s l y  r e p o r t e d .  A l l i ­
son e t  a l .  (1964) r e p o r t e d  t h a t  no d i f f e r e n c e s  w ere  e v id e n t  i n  
t h e  number o f  eggs  p ro d u ced  by c u t t h r o a t  t r o u t  ex posed  to  DDT.
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However t h e s e  a u th o r s  d id  n o t  t a k e  i n t o  a c c o u n t  t h e  i n f l u e n c e  
o f  f i s h  w e ig h t  and egg s i z e  on egg num ber. I t  i s  p o s s i b l e  t h a t  
v a r i a t i o n  i n  egg  s i z e  and f i s h  w e ig h t  m asked a c t u a l  d i f f e r e n c e s  
i n  egg num ber, a s  i t  m ig h t  have i n  t h i s  i n v e s t i g a t i o n  s i n c e  
a n a l y s i s  o f  u n a d ju s t e d  Y i n d i c a t e s  no s i g n i f i c a n t  d i f f e r e n c e s  
among t r e a t m e n t s .  F u r t h e r  i n v e s t i g a t i o n  i s  n e c e s s a r y  t o  d e t e r ­
m ine how such  d i f f e r e n c e s  a r e  p ro d u ced  and why an i n c r e a s e  i n  
th e  number o f  m a tu re  ova  r e s u l t e d  from t h e  lo w e r  d o sa g e s  w h i le  
a  d e c r e a s e  r e s u l t e d  from t h e  h i g h e s t  d o sa g e .
The e f f e c t s  o f  th e  i n s e c t i c i d e  on d e v e lo p in g  b rook  t r o u t  
f r y  were i n  g e n e r a l  ag reem en t w i th  th o s e  r e p o r t e d  i n  t h e  l a k e  
t r o u t  s tu d y ,  w i th  one n o t a b l e  e x c e p t i o n .  A lth o u g h  B u rd ick  e t  
a l .  (1964) d id  n o t  i m p l i c a t e  m ale  l a k e  t r o u t  i n  t h e i r  d i s c u s ­
s io n  o f  f r y  m o r t a l i t y ,  c u m u la t iv e  m o r t a l i t y  d a t a  f o r  b roo k  
t r o u t  f r y  i n  g ro u p s  where o n ly  t h e  male p a r e n t  was exposed  to  
DDT s u g g e s te d  t h a t  th e  sperm  from  t r e a t e d  m ales  may be  a  f a c ­
t o r  i n  r e d u c in g  s u r v i v a l  among f r y .  R e p ro d u c t iv e  f a i l u r e  i n  
m a le s  can  r e s u l t  from  l a c k  o f  m o t i l i t y ,  d e c r e a s e  i n  t h e  volume 
o f  sperm , o r  a  b io c h e m ic a l  d e f i c i e n c y  i n  t h e  semen. The p e r  
c e n t  f e r t i l i z a t i o n  a c h ie v e d  w i th  sperm from  th e  t r e a t e d  m a le s  
i n d i c a t e d  m o t i l i t y  p r o b a b ly  was n o t  a f f e c t e d .  H i s t o l o g i c a l  
e x a m in a t io n  o f  t e s t e s ,  a s  w e l l  a s  co m parison  o f  m a t u r i t y  i n d i ­
c e s  o f  t r e a t e d  and c o n t r o l  m a le s ,  i n d i c a t e d  t h a t  th e  volume o f  
sperm was n o t  a p p r e c i a b ly  d e c r e a s e d .  T h e r e fo r e ,  i f  t h e  m o r ta ­
l i t y  i n  g ro u p s  S - l  and S -2  r e p r e s e n t s  a  r e a l  e f f e c t  o f  t h e  
i n s e c t i c i d e ,  i t  may be due t o  a  b io c h e m ic a l  c h an g e .  A
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s i g n i f i c a n t  d e c re a s e  i n  th e  c a lc iu m  c o n te n t  and t o t a l  p r o t e i n  
o f  th e  se m in a l p la sm a  was fo u n d  in  c u t t h r o a t  t r o u t  exposed  to  
e n d r in  hy C ru e a -  ( p e r s o n a l  c o m m u n ica tio n ).
The peak  o f  th e  f r y  m o r t a l i t y ,  i n  g ro u p s  w here th e  egg 
was from  D D T -trea ted  f i s h ,  o c c u r r e d ,  a s  in  th e  la k e  t r o u t  s tu d y , 
j u s t  b e fo r e  th e  f r y  w ere re a d y  to  f e e d .  The f a c t  t h a t  su ch  mor­
t a l i t y  do es n o t  o c c u r  i n  m a tin g s  w here th e  eg g s w ere from  
u n t r e a te d  f i s h  su g g e s te d  th e  i n s e c t i c i d e  in  th e  eggs from  
t r e a t e d  f i s h  cau sed  m o r t a l i t y  among th e  sa c  f r y  a t  t h i s  t im e .
T h is  m o r t a l i t y  peak  c o in c id e d  w ith  th e  p e r io d  o f  r a p id  f a t  
u t i l i z a t i o n  from  th e  y o lk  w hich  was r e p o r te d  f o r  o th e r  sa lm o - 
n id s  by Hayes (1 9 4 9 ) . Assum ing t h a t  d ev e lo p m en t in  th e  b rook  
t r o u t  i s  s i m i l a r  to  th e s e  o th e r  sa lm o n id s  i n  t h i s  r e s p e c t ,  such  
u t i l i z a t i o n  o f  y o lk  f a t  c o u ld  r e l e a s e  i n s e c t i c i d e  r e s i d u e s  r e s u l t ­
in g  in  th e  o b se rv e d  m o r t a l i t y .  I t  i s  p o s s ib l e  t h i s  segm ent o f  
my i n v e s t i g a t i o n  was te rm in a te d  to o  soon . Had th e  e x p e rim e n t 
c o n tin u e d ,  th e  m o r t a l i t y  m ig h t have been  even  g r e a t e r  th a n  
in d i c a t e d .
B u rd ick  e t  a l .  (1964) r e p o r te d  t h a t  a  DDT c o n c e n t r a t io n  
o f  10 o r  more ppm in  l a k e  t r o u t  eg g s p ro d u ced  50# o r  g r e a t e r  
m o r t a l i t y  o f  f r y ;  4 .7 5  o r  more ppm i n  th e  eg g s u s u a l ly  r e s u l t e d  
i n  an o b s e rv a b le  m o r t a l i t y  (1 5 # ) .  The l e v e l s  o f  DDT i n  eggs 
from  exposed  b rook  t r o u t  w ere somewhat l e s s  th a n  4 .7 5  ppm.
I n  l i g h t  o f  th e  f i n d in g s  o f  B u rd ick  e t  a l .  (1 9 6 4 ) , t h e s e  l e v e l s
-  D a r r e l  C ru ea , fo rm e r ly  P h y s i o lo g i s t ,  B ureau  o f  S p o r t  F i s h e r i e s  
and W i ld l i f e ,  F i s h - P e s t i c i d e  R e se a rc h  l a b o r a t o r y ,  C olum bia, Mo.
c o u ld  b e  e x p e c te d  to  p ro d u c e  somewhat l e s s  th a n  15#  m o r t a l i t y  
among sa c  f r y .  T h is  i s  e x a c t ly  w hat o c c u r r e d .  An im p o r ta n t  
a s p e c t  o f  th e s e  r e s u l t s  i s  t h a t  DDT r e s i d u e s  co m p arab le  to  
th o s e  found  in  fe m a le  b rook  t r o u t  from  t h i s  i n v e s t i g a t i o n  
have been  found  in  a p p a r e n t ly  h e a l th y  t r o u t  from  n a t u r a l  wa­
t e r s  i n  a r e a s  sp ra y e d  w ith  DDT f o r  th e  c o n t r o l  o f  i n s e c t s  
(Cope, e t  a l .  1958; S c h o e n th a l ,  1963; W elch and S p in d le r ,
1964)► Such f i n d in g s  i n d i c a t e  t h a t  r e d u c t io n s  i n  p o p u la t io n s  
o f  t r o u t  f r y  c o u ld  w e ll  be o c c u r r in g  in  some o f  o u r n a t u r a l  
w a te r s  a s  a  r e s u l t  o f  p e r s i s t e n t  l e v e l s  o f  DDT.
W ith r e g a rd  to  i n s e c t i c i d e s ,  i t  i s  becom ing ly  i n c r e a s ­
in g ly  o b v io u s  t h a t  no e f f e c t  l e v e l s  r a t h e r  th a n  no k i l l  l e v e l s  
m ust s e rv e  b o th  a s  th e  o b j e c t i v e  o f  f u t u r e  lo n g  term  s t u d i e s  
and a s  th e  b a s i s  f o r  e s t a b l i s h i n g  w a te r  q u a l i t y  c r i t e r i a .  I t  
i s  o n ly  by d e te rm in in g  th e  m ore s u b t l e  r e s p o n s e s  o f  a q u a t ic  
o rg a n ism s  to  s u b l e th a l  l e v e l s  o f  i n s e c t i c i d e s  t h a t  su ch  no 
e f f e c t  l e v e l s  can  be  e s t a b l i s h e d .  Among th e  ty p e  o f  o b s e r ­
v a t i o n s  t h a t  may e v e n tu a l ly  be u sed  to  t h i s  end a r e  th o s e  
ch an g e s  i n  r e p r o d u c t iv e  p o t e n t i a l  d e s c r ib e d  in  t h i s  r e p o r t .
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T ab le  1 . —  F orm ula*  f o r  th e  d ry  p e l l e t e d  d i e t  f e d  to  b rook  
t r o u t  ( S a lv e l ln u s  f o n t i n a l i s ) .
I n g r e d i e n t % T o ta l  Feed
F ish m e a l 4 0 .0
D i s t i l l e r ' s  S o lu b le s 1 8 .5
W heat M id d lin g s 1 0 .0
B re w e r 's  Y e a s t 1 0 .0
G lu co se 7 .0
A l f a l f a 5 .0
Corn O il 3 .0
D ica lc iu m  P h o sp h a te 2 .5
C e l lu lo s e 2 .0
C h o lin e -C h lo r id e 1 .2 5
V itam in  Mix 0 .5 0
T race  M in e ra l Mix 0 .2 5
T o ta l  p r o t e i n  -  3 7 .6 0 #
T o ta l  c a l c u l a t e d  en e rg y  -  2586 c a lo r i e s /k i lo g r a m  
C a lo r i e / P r o t e in  r a t i o  -  34s1
a  T h is  fo rm u la  was p ro v id e d  by D r. R. C. R in g ro se , D epartm en t 
o f  Animal S c ie n c e s ,  U n iv e r s i ty  o f  New H am psh ire .
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T ab le  2 . —  M atin g  c o m b in a tio n s  o f  g am etes  u se d  to  p ro d u ce  
f e r t i l i z e d  b ro o k  t r o u t  ( S a lv e l in u s  f o n t i n a l i s ) 
e g g s .
M ating
C om bina tion
Code
T rea tm en t r e c e iv e d  
by fem a le  p a r e n t
T rea tm en t r e c e iv e d  
by m ale  p a r e n t
C-0 C o n tro l C o n tro l
S - l C o n tro l 1 .0  m g/kg/w eek
S -2 C o n tro l 2 .0  m g/kg/w eek
E -S - l 1 .0  m g/kg/w eek 1 .0  m g/kg/w eek
E -S -2 2 .0  m g/kg/w eek 2 .0  m g/kg/w eek
E - l 1 .0  m g/kg/w eek C o n tro l
E -2 2 .0  m g/kg/w eek C o n tro l
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T ab le  3 . —  The mean f o r k - l e n g t h s  (mm) and w e ig h ts  (g )  o f  
b ro o k  t r o u t  ( S a lv e l in u s  f o n t i n a l i s ) a t  th e  end 
o f  th e  p e r io d  o f  e x p o su re  t o  DDT,
T rea tm en t Sex Number F o rk  l e n g t h W eight
C o n tro l H a le 30 29 8 .5 2 .9 ) * 3 3 2 .8 ( 5 .1 ) *
Fem ale 22 3 0 2 .9 3 .2 ) 3 7 7 .0 ( 5 .9 )
Combined 52 3 0 0 .7 2 .1 ) 3 5 4 .9 ( 3 .8 )
0 .5  m g/kg/w eek M ale 23 3 0 7 .1 3 .2 ) 3 7 7 .2 ( 5 .8 )
Fem ale 28 3 0 0 .3 2 .1 ) 3 8 3 .3 ( 5 .2 )
Combined 51 3 0 3 .7 2 .0 ) 3 8 0 .2 ( 3 .8 )
1 .0  m g/kg/w eek M ale 24 3 0 7 .4 3 .1 ) 3 8 4 .2 ( 5 .6 )
Fem ale 34 3 0 6 .3 2 .6 ) 4 0 0 .1 ( 4 .7 )
Combined 58 3 0 6 .8 1 .9 ) 3 9 3 .7 ( 3 .6 )
2 .0  m g/kg/w eek Male 27 3 1 1 .4b 2 .8 ) 4 0 1 .1 ( 4 .7 )
Fem ale 26 2 9 7 .8 2 .8 ) 3 6 5 .9 ( 5 .4 )
Combined 53 3 0 4 .6 2 .1 ) 3 8 3 .5 ( 3 .8 )
a  S ta n d a rd  E r ro r
^ S i g n i f i c a n t l y  d i f f e r e n t  from  th e  c o n t r o l  a t  t h e  0 .0 5  l e v e l .
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T ab le  4 . —  The mean s i z e  (mm) and num ber o f  m a tu re  o v a  ta k e n  
from  b rook  t r o u t  a f t e r  th e  p e r io d  o f  e x p o s u re . The 
a d ju s te d  mean i s  b a sed  on th e  u n a d ju s te d  mean c o r ­
r e c t e d  f o r  s i z e  o f  f i s h  and d ia m e te r  o f  e g g s .
T re a tm e n t D iam e te r E g g s /F is h
(U n a d ju s te d )
E g g s /F i sh  
(A d ju s te d )
C o n tro l 3 .8 0 5  ( .0 6 ) a 1636 ( 8 l ) a 1590 (10)
0 .5  m g/kg/w eek 3 .8 6 1  ( .0 5 ) 1694 (55 ) 1711 ( 8 ) b
1 .0  m g/kg/w eek 3 .8 6 0  ( .0 5 ) 1664 (5 5 ) 1733 ( 7 ) b
2 .0  m g/kg/w eek 3 .7 9 6  ( .0 7 ) 1596 (65 ) 1510 ( 9 ) b
a  S ta n d a rd  E r r o r
b S i g n i f i c a n t l y  d i f f e r e n t  from  th e  c o n t r o l  a t  t h e  0 .0 5  l e v e l .
Concentrations of residues (ppm) found In whole bodies, tester, and eggs of brook trout 
after being fed DDT at various rates for 156 days, and in their fry at the swlm-up stage.
Rate of feeding DDT Whole Fish Eggs Testes Fry
 (Pg/ktt/waek)  ____________ ____________ ____________ _______
(ales Females DDK DDD DDT DDE DDD DDT DDE DDD DDT DDE DDD DDT
0.0 0.0 0.3 0.2 0.2 0.1 - 0.1 0.0 0.0 0.1 0.0 0.1 0.3
0.0 0.0 0.2 0.1 0.1 0.1 - 0.1 0.0 0.0 0.0 - - -
1.0 1.0 0.6 1.1 1.3 0.1 - 0.8 0.1 - 0.5 - - -
1.0 1.0 0.4 1.0 1.4 0.2 - 2.2 0.1 - 0.6 - - -
1.0 1.0 - - - 0.2 - 1.2 0.1 - 0.3 - - -
2.0 2.0 0.8 3.5 3.3 0.2 - 3.0 0.1 - 0.5 0.7 0.3 1.9
2.0 2.0 1.1 3.0 3.5 0.3 - 2.4 0.1 - 0.6 0.9 0.4 2.8
2.0 2.0 - - - 0.3 - 4.7 0.1 - 0.3 - - -
2.0 0.0 - - as - - - - - - 0.1 0.1 0.2
2.0 0.0 - - - - as - - - - 0.1 0.0 0.1
0.0 2.0 - - - - - - - - - 0.8 0.3 1.5





T ab le  6 . —  A n a ly s is  o f  v a r ia n c e  t e s t  o f  th e  d i f f e r e n c e s  
be tw een  th e  w e ig h t, and th e  l e n g th ,  o f  a d u l t  
b rook  t r o u t  ( S a lv e l in u a  f o n t i n a l i s ) a t  th e  end 
o f  th e  p e r io d  o f  e x p o su re  to  DDT.
S o u rce  o f  V a r ia t io n d . f . Mean S a u a reW eight L en g th
T rea tm en t 3 7 9 2 6 .9 7 0 8 .6a
Sex 1 8 8 3 .7 1 0 6 7 .8 a
T rea tm en t x Sex 3 8 8 2 2 .0 5 1 6 .5
E r ro r 158 3316 .5 229 .5
a  S i g n i f i c a n t  a t  th e  0 .0 5  l e v e l .
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T ab le  7 . —  A n a ly s is  o f  c o v a r ia n c e  t e s t  f o r  d i f f e r e n c e s  betw een  
th e  num ber o f  m a tu re  o v a  p ro d u ce d  (7 )  by i n d iv i d u a l  
b rook  t r o u t  ( S a lv e l in u s  f o n t i n a l i s ) d u r in g  t h e  
p e r io d  o f  e x p o su re  to  DDT. The in d e p e n d e n t v a r i a b l e s  
w ere th e  w e ig h t o f  th e  f i s h  a t  th e  end o f  th e  ex p o -
s u re  p e r io d  (X1 ) and th e mean egg d ia m e te r  (X2 ) .
S o u rce  o f  V a r ia t io n d . f . Mean S q u a re
T e s t  o f
R e g re s s io n
R e g re s s io n 2 3 ,3 4 8 ,9 0 9 a
R e s id u a l 82 7 ,4 5 2
T e s t  o f
A d ju s te d  Y
T rea tm en t 3 1 ,5 6 8 ,266a
—
E r ro r 84 1 ,4 5 3
a  S i g n i f i c a n t  a t  th e  0 .0 5  l e v e l .
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Table 8 . — Test o f  the homogeneity o f  means o f  the per cent 
m orta lity  o f  f e r t i l i z e d  eggs and sac fry  from 
f e r t i l i z a t io n  to  th e  feed in g  s ta g e .
H a tin g
C om bina tion
T n T2 T2/ n y
C-0 75 2852 5 ,625 1 .9 7 2 .0 2 6
3 -1 109 2094 11 ,8 8 1 5 .6 7 3  . .0 5 2
3 -2 106 2345 11 ,2 3 6 3 .9 5 6 .0 3 7
E -S - l 189 2972 35,721 1 2 .0 1 9 .0 6 4
E -S -2 168 2372 28 , 224 1 1 .8 9 8 .071
E~1 222 2784 4 9 ,2 8 4 1 7 .7 0 2 .080
E -2 126 2728 15 ,8 7 6 5 .8 1 9 .046
G N Among SS y
995 1 8 ,6 4 2 5 .935 .0 5 3
X2 = Among S3 /  y ( l - y )  = 1 1 6 .4 a w ith  6 d . f .
a  S i g n i f i c a n t  a t  0 .0 5  l e v e l .
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F ig u r e  1 . —  C u m u la tiv e  m o r t a l i t i e s  o f  e g g s  and s a c  f r y ,  from
f e r t i l i z a t i o n  t o  t h e  f e e d in g  s t a g e ,  o f  b ro o k  t r o u t  
f e d  DDT a t  v a r i o u s  r a t e s  f o r  156 d a y s .  C -0 , b o th  
p a r e n t s  u n t r e a t e d ;  S - l ,  m ale  p a r e n t  f e d  a t  1 .0  
m g /k g /w eek ; S -2 ,  m ale  p a r e n t ,  2 .0 ;  E - S - l ,  b o th  
p a r e n t s  f e d  a t  1 .0  m g /k g /w eek ; E -S -2 , b o th  p a r e n t s ,  
2 .0 ;  EKL, fe m a le  p a r e n t  f e d  a t  1 .0  m g /k g /w eek ; 33-2, 
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ABSTRACT
CHRONIC EXPOSURE OP BROOK TROUT TO SUBLETHAL LEVELS
OF DDT. I I .  E f f e c t s  on Growth and R e s is ta n c e  to  S t r e s s .
by
KBfNETH J .  MACS
Y o u n g -o f - th e -y e a r  b rook  t r o u t  w ere exposed  to  DDT a t  
v a r io u s  r a t e s  and u n d e r  d i f f e r e n t  c o n d i t io n s  o f  e x p o su re  f o r  
p e r io d s  o f  26 o r  31 w eeks. W eight g a in  o f  i n d iv i d u a l l y  ta g g e d  
f i s h  was m easu red  d u r in g  th e  e x p o su re  p e r io d .  DDT-exposed 
f i s h  e x h ib i t e d  g r e a t e r  w e ig h t g a in  d u r in g  t h i s  p e r io d  th a n  
d id  u n ex p o sed  f i s h .  P is h  exposed  to  DDT d a i l y  e x h ib i t e d  g r e a t e r  
w e ig h t g a in  th a n  f i s h  exposed  l e s s  f r e q u e n t ly .  A f te r  e x p o su re  
to  DDT, th e  l e n g th  o f  s u r v iv a l  was o b se rv e d  f o r  f i s h  s u b je c ­
t e d  to  p a r t i a l  o r  c o m p le te  s t a r v a t i o n  f o r  a  p e r io d  o f  270 
d a y s . D u rin g  s t a r v a t i o n ,  th e  e m u l a t i v e  m o r t a l i t y  o f  unexposed  
f i s h  was 1.255$, t h a t  among f i s h  ex p o sed  to  2 .0  m g/kg/w eek o f  
DDT was 9 2 . and t h a t  among f i s h  exposed  to  3 .0  m g/kg/w eek 
was 9 6 .2 # . D i f f e r e n c e s  i n  th e  s u r v iv a l  o f  th e s e  b rook  t r o u t  
e x i s t e d  due to  d o sa g e , se x , and ty p e  o f  s t a r v a t i o n .  The e v i ­
d ence  s u g g e s ts  t h a t  th e  m o r t a l i t y  o f  DDT-exposed f i s h  was 
p ro b a b ly  due to  m u l t ip le  s t r e s s e s  c a u se d  by a  c o n d i t io n  o f  
s t a r v a t i o n ,  d e c r e a s in g  w a te r  te m p e ra tu re ,  and p o s s ib ly  th e  
p h y s io lo g ic a l  s t r e s s  a s s o c ia te d  w ith  th e  spaw ning  s e a s o n .
v
INTRODUCTION
R ecen t l i t e r a t u r e  r e p o r t s  have s u g g e s te d  t h a t  f i s h  ex­
p o sed  to  o rg a n o c h lo r in e  i n s e c t i c i d e s ,  p a r t i c u l a r l y  DDT, w ere  
l a r g e r  and m ore s u s c e p t ib l e  to  s t r e s s  th a n  were u n ex p o sed  f i s h .
M ount (1 9 6 2 ) r e p o r t e d  t h a t  b lu n tn o s e  minnows (P im e n h a le s  
n o t a t u s ) ,  a f t e r  291 d a y s  e x p o su re  to  0 .1  ppb o f  e n d r in ,  w ere  
l a r g e r  th a n  th e  c o n t r o l s  and w ere much f a t t e r  th a n  any o f  th e  
o th e r  f i s h  t e s t e d .  However, sam ple  s i z e  was s m a ll  and th e  d i f ­
f e r e n c e s  c o u ld  have b een  due to  sa m p lin g . A l l i s o n  e t  a l .  (1964) 
r e p o r te d  an a p p a re n t  i n c r e a s e  i n  th e  g ro w th  o f  c u t t h r o a t  t r o u t  
( Salmo c l a r k i  l e w i s i ) exposed  to  DDT in  b a th  and f e e d .  These 
a u th o r s  s u g g e s te d , how ever, t h a t  t h i s  was p ro b a b ly  an i n d i r e c t  
e f f e c t  o f  th e  i n s e c t i c i d e  due to  m o r t a l i t y  o f  w eak er, s lo w e r  
g row ing  t r o u t  i n  th e  t r e a t e d  g ro u p s .  I  have  s in c e  r e p o r te d  
t h a t  m ale  b ro o k  t r o u t  ( S a lv e l in u s  f o n t i n a l i s ) exposed  to  DDT 
w ere l a r g e r  and a p p a r e n t ly  had more abdom inal f a t  d e p o s i t s  
th a n  exposed  fe m a le s  and u n ex p o sed  f i s h  (M acek, 1 9 6 8 ) . However, 
th e s e  o b s e r v a t io n s  a l s o  c o u ld  have been  b ia s e d  by th e  rem oval 
o f  f i s h  a t  r e g u l a r  i n t e r v a l s  f o r  r e s id u e  a n a l y s i s .
Graham (1958) r e p o r t e d  no f i s h  m o r t a l i t y  o c c u r re d  imm edi­
a t e ly  a f t e r  summer s p r a y in g  o f  M ontana f o r e s t s  w i th  DDT; how­
e v e r ,  he  i n d i c a t e d  t h a t  d e la y e d  m o r t a l i t y  o f  game f i s h ,  ap p a ­
r e n t l y  a s s o c i a t e d  w ith  spaw ning  a c t i v i t y ,  o c c u r re d  i n  th e  
l a t e  f a l l  and e a r l y  w in te r .  D elayed  m o r t a l i t y  o f  DDT-exposed 
salm on ( Salmo s a l a r ) i n  New B runsw ick  was r e c e n t l y  r e p o r te d
1
2t o  be  r e l a t e d  to  d e c r e a s in g  w a te r  te m p e ra tu re  ( K e r s w i l l ,  1967; 
E ls o n , 1 9 6 7 ) . Cope (1966) i n d ic a t e d  d i s e a s e  and s t a r v a t i o n  
w ere f a c t o r s  t h a t  c o n t r i b u t e  t o  s u b -a c u te  m o r t a l i t y  o f  i n s e c ­
t i c id e - e x p o s e d  f i s h .  As exam ples o f  p o t e n t i a l  damage from  
m u l t i p l e  s t r e s s e s ,  he r e f e r e d  to  s t a r v a t i o n  in  t r o u t  ( Salmo 
g a i r d n e r i  and S. t r u t t a ) and w h i t e f i s h  ( P rosop ium  w i l l i a m s o n i ) 
a f t e r  DDT e x p o su re  (C ope, 1 9 6 1 ), and d i s e a s e  i n  e x p e r im e n ta l  
work w ith  DDT and c u t t h r o a t  t r o u t  ( A l l i s o n  e t  a l . ,  1 9 6 4 ) .
The p r im a ry  o b j e c t i v e s  o f  t h e s e  i n v e s t i g a t i o n s  were t o  
d e te rm in e  w h e th e r  c h r o n ic  e x p o su re  t o  s u b l e t h a l  l e v e l s  o f  
DDT had a  d i r e c t  e f f e c t  on th e  g row th  o f  b roo k  t r o u t ,  and 
w h e th e r  i n s e c t i c i d e - e x p o s e d  f i s h  were more s u s c e p t i b l e  to  
s t r e s s  th a n  were unexp osed  f i s h .  An a d d i t i o n a l  o b j e c t i v e  
was t o  i n v e s t i g a t e  t h e  e f f e c t  o f  f r e q u e n c y  o f  e x p o su re  on 
t h e  a b i l i t y  o f  th e  b rook  t r o u t  to  a c c u m u la te  and m e ta b o l i z e  
DDT.
3METHODS AND MATERIALS
These i n v e s t i g a t i o n s  w ere c o n d u c ted  a t  th e  New H am pshire  
P is h  and Game D e p a rtm e n t’ s  Powder M il l  R e a r in g  S t a t i o n  in  
New Durham, N .H . The c h e m ic a l c h a r a c t e r i s t i c s  o f  th e  w a te r  
a t  t h i s  s t a t i o n ,  th e  f o rm u la t io n  and s o u rc e  o f  th e  d i e t  u s e d , 
and th e  m ethods o f  e x p o su re  w ere p r e v io u s ly  d e s c r ib e d  (M acek, 
1968).
A p p ro x im ate ly  600 f i n g e r l i n g  b rook  t r o u t ,  a v e ra g in g  3 0 .5  
-g , w ere s u p p l ie d  f o r  th e  g ro w th  s tu d y  by th e  New H am pshire  
P is h  and Game D e p a rtm en t. These f i s h  w ere random ly  d iv id e d  
i n t o  e ig h t  l o t s  and h e ld  i n  wooden t r o u g h s .  P r i o r  to  th e  
s t a r t  o f  th e  e x p e r im e n t, 25 f i s h  from  each  l o t  w ere a n e s th e ­
t i z e d  w ith  1 :1 0 ,0 0 0  t r i c a i n e  m e th a n e s u lfo n a te  (M S-222), 
w e ig h ed , m easu red , and ta g g e d  w ith  m e ta l  jaw  t a g s .  Two o f  
th e  e x p e r im e n ta l  l o t s  s e rv e d  a s  c o n t r o l s ,  th e  re m a in in g  s i x  
l o t s  w ere fe d  p , p '  DDT ( t e c h n ic a l  g ra d e ,  11 . 2%) a t  th e  r a t e  
o f  2 .0  m g/kg /w eek . T hree o f  th e s e  D D T -trea ted  l o t s  r e c e iv e d  
1 /6  o f  th e  w eekly  d o sag e  f o r  s i x  c o n s e c u t iv e  d a y s ; th e  o th e r  
t h r e e  l o t s  r e c e iv e d  1 /2  th e  w eekly  d o sag e  on th e  f i r s t  and 
f o u r t h  day o f  e ac h  w eek. I  su g g e s te d  r e c e n t l y  t h a t  a  w eekly  
d o sag e  o f  DDT a p p l ie d  i n  two o r  m ore f e e d in g s  p e r  week c o u ld  
be m ore r e a d i l y  m e ta b o l iz e d , and c o n s e q u e n tly  c o u ld  be  l e s s  
t o x i c ,  th a n  th e  same w eekly  d o sag e  a p p l ie d  in  one f e e d in g  p e r  
week (M acek, 1 9 6 8 ) . The e x p o su re  p e r io d  was from  November 2, 
1966 to  June  8 ,  1967, a  p e r io d  o f  31 w eeks. A l l  l o t s  w ere
4t r a n s f e r e d  to  o u td o o r  racew ay  p e n s  f o r  th e  l a s t  e ig h t  w eeks 
o f  th e  e x p e r im e n t i n  an  a t te m p t  to  p rom o te  b e t t e r  g ro w th .
W eight g a in  was m easu red  e v e ry  two w eeks f o r  th e  i n d iv i d u a l  
l o t s  i n  o r d e r  to  c a l c u l a t e  f e e d in g  l e v e l s .  A t th e  end o f  th e  
e x p e r im e n t th e  i n d i v i d u a l l y  ta g g e d  f i s h  w ere w eig h ed , m easu red , 
and se x e d .
T hree  f i s h  w ere rem oved from  e ac h  l o t  a t  th e  end o f  th e  
e x p o su re  p e r i o d .  T h ese , a lo n g  w ith  p r e t r e a tm e n t  sa m p le s , w ere 
s e n t  to  th e  W isco n sin  Alumni R e se a rc h  F o u n d a tio n  f o r  r e s id u e  
a n a l y s i s .  The m ethods u sed  w ere th o s e  g a s - l i q u i d  ch ro m ato g rap h y  
p ro c e d u re s  recommended f o r  c h lo r i n a t e d  h y d ro c a rb o n  i n s e c t i c i d e s  
i n  th e  P e s t i c i d e  A n a ly t ic a l  M anual (B a rry , 1 9 6 4 ) . The p e r  c e n t  
body w a te r  and f a t  i n  th e  sam p les  was a ls o  d e te rm in e d .
To i n v e s t i g a t e  th e  s u s c e p t i b i l i t y  o f  DDT-exposed f i s h  to  
s t r e s s ,  a  g ro u p  o f  800 f i n g e r l i n g  b rook  t r o u t ,  a v e ra g in g  4 0 .6  
g r was p ro v id e d  by th e  New H am pshire  P is h  and Game D e p a rtm en t. 
These w ere random ly d iv id e d  i n t o  f i v e  e q u a l l o t s  and h e ld  in  
o u td o o r  r a c e  way p e n s . Two o f  th e s e  l o t s  s e rv e d  a s  c o n t r o l s ,  
two w ere ex p o sed  to  DDT a t  th e  r a t e  o f  2 .0  m g/kg/w eek , and th e  
o th e r  a t  th e  r a t e  o f  3 .0  m g/kg /w eek . E x p o su re  was on a  d a i ly  
b a s i s  from  November 23 , 1966 to  May 19 , 1967 , a  p e r io d  o f  26 
w eek s . A f te r  e x p o su re , 80 f i s h  from  each  o f  th e  t h r e e  t r e a t ­
m e n ts , w ere a n e s t h e t i z e d ,  w eighed , m ea su re d , and ta g g e d  w ith  
m e ta l  jaw  t a g s .  These w ere th e n  d iv id e d  i n to  two g ro u p s  each  
c o n s i s t i n g  o f  40 f i s h  from  each  o f  th e  t r e a tm e n ts .  One o f  th e s e  
g ro u p s  (C) r e c e iv e d  no food  w h a tso e v e r . A lth o u g h  d r a s t i c  re d u c ­
t i o n s  i n  a v a i l a b l e  f i s h  food  o f t e n  o c c u r - in  n a tu r e  a f t e r
5i n s e c t i c i d e  a p p l i c a t i o n s ,  c o m p le te  s t a r v a t i o n  i s  u n l ik e l y  to  
o c c u r  ( K e r s w i l l ,  1 9 6 7 ) . T h e re fo re  th e  o th e r  g ro u p  (P ) was f e d  
a t  a  re d u c e d  r a t e  o f  6 .5 #  o f  th e  am ount recommended f o r  b rook  
t r o u t  by D euel e t  a l .  (1 9 5 2 ) . The d a te  o f  d e a th ,  w e ig h t, l e n g t h ,  
s e x , and d e g re e  o f  s e x u a l  d ev e lo p m en t was n o te d  f o r  each  dead  
f i s h .
A n a ly s is  o f  v a r ia n c e  f o r  th e  g a in  i n  w e ig h t and l e n g th  o f  
th e  i n d iv i d u a l l y  ta g g e d  f i s h  from  th e  g row th  s tu d y  was co m p le ted  
on th e  b a s i s  o f  a  3 x  2 f a c t o r i a l .  M ain e f f e c t s  t e s t e d  w ere 
t r e a tm e n t  and se x ; i n t e r a c t i o n  be tw een  m ain e f f e c t s  was a ls o  
t e s t e d .  The r e s u l t s  o f  r e s id u e  a n a ly s e s  and d e te r m in a t io n s  o f  
body f a t  w ere a n a ly z e d  f o r  d i f f e r e n c e s  due to  t r e a tm e n ts .  Co- 
v a r ia n c e  a n a l y s i s  o f  th e  d a t a  from  th e  s t r e s s  s tu d y  was com­
p l e t e d  on th e  b a s i s  o f  a  5 x  2 x  2 f a c t o r i a l .  The c o e f f i c i e n t  
o f  c o n d i t io n  (R o u n s e fe l l  and E v e r h a r t ,  1953) a t  th e  s t a r t  o f  
th e  s t a r v a t i o n  p e r io d  was th e  in d e p e n d e n t v a r i a b l e  and th e  
l e n g th  o f  s u r v iv a l  i n  d a y s  was th e  d e p en d e n t v a r i a b l e .  Main 
e f f e c t s  t e s t e d  w ere d o sag e  and se x , se co n d a ry  e f f e c t  t e s t e d  
was th e  ty p e  o f  s t a r v a t i o n .  A lso  t e s t e d  was i n t e r a c t i o n  be­
tw een f a c t o r s .  M ethods u se d  i n  a l l  o f  th e  s t a t i s t i c a l  a n a ly s e s  
w ere d e s c r ib e d  by S t e e l e  and T o r r ie  ( I 9 6 0 ) .  D i f f e r e n c e s  betw een  
m eans w ere t e s t e d  u s in g  D u n c an 's  M u l t ip le  Range T e s t  (D uncan, 
1 9 5 5 ) , o r  a  m o d if ic a t io n  o f  t h i s  t e s t  to  accom odate  u n e q u a l 
s u b c la s s  s i z e  (K ram er, 1 9 5 6 ) . S t a t i s t i c a l  s i g n i f i c a n c e  was 
b a se d  on a  p r o b a b i l i t y  l e v e l  o f  0 .0 5 .
6RSSDITS
No m o r t a l i t y  o c c u r re d  d u r in g  th e  e x p o su re  p e r io d  in  
e i t h e r  o f  th e  e x p e r im e n ts .  Brook t r o u t  exposed  to  DDT e x h i­
b i t e d  no o u tw ard  s ig n s  o f  d i s t r e s s  o r  h y p e r e x c i t a b i l i t y ,  
a p p e a r in g  a s  a c t i v e ,  and a c c e p t in g  f e e d  a s  r e a d i l y ,  a s  th e  
u n t r e a te d  f i s h .
S t a t i s t i c a l  a n a l y s i s  o f  th e  d a t a  from  th e  g ro w th  e x p e r i ­
m ent i n d ic a t e d  D D T -trea te d  f i s h  g a in e d  m ore w e ig h t d u r in g  ex­
p o su re  th a n  d id  th e  u n t r e a te d  f i s h ,  th o s e  exposed  d a i l y  g a in e d  
more th a n  th o s e  exposed  tw ic e  w eek ly , and no d i f f e r e n c e s  e x i s t e d  
betw een  th e  se x e s  (T a b le  1 and 5 ) .  No i n t e r a c t i o n  was i n d ic a ­
t e d .  No d i f f e r e n c e s  i n  th e  g a in  in  l e n g th  d u r in g  e x p o su re  w ere 
i n d i c a t e d .  The r e s u l t s  o f  th e  r e s id u e  a n a ly s e s  from  th e  g ro w th  
e x p e rim e n t a re  g iv e n  in  T ab le  2. The mean r e s id u e  l e v e l s  p r e ­
s e n t  in  th e  t e r m in a l  c o n t r o l  sam p les (0 .6 1  ppm) w ere somewhat 
h ig h e r  th a n  th e  mean f o r  p r e t r e a tm e n t  sam p les ( 0 .4 0  ppm ). T h is  
was p ro b a b ly  due to  c o n ta m in a tio n  o f  th e  c o n t r o l  fe e d  w hich 
was found  to  c o n ta in  0 .3 6  ppm t o t a l  r e s i d u e s ,  a  l e v e l  e q u iv a ­
l e n t  to  a  d o sag e  o f  0 .0 0 6  m g/kg/w eek . As e x p e c te d  th e  t o t a l  
r e s id u e s  i n  exposed  f i s h  w ere h ig h e r  th a n  th o s e  i n  unexposed  
f i s h ;  a l s o  t o t a l  r e s i d u e s  i n  f i s h  exposed  d a i ly  w ere s i g n i f i ­
c a n t ly  h ig h e r  th a n  th o s e  i n  f i s h  exposed  tw ic e  w eek ly . The p e r  
c e n t  t o t a l  r e s id u e  p r e s e n t  a s  DDT m e ta b o l i t e s  was s i g n i f i c a n t l y  
h ig h e r  i n  f i s h  from  th e  fo rm e r  g ro u p . The p e r  c e n t  body w a te r  
and f a t  d id  n o t  d i f f e r  s i g n i f i c a n t l y  among th e  e x p e r im e n ta l  
l o t s  (T a b le  6 ) .
7D uring  th e  270 day  p e r io d  o f  s t a r v a t i o n ,  th e  c u m u la tiv e  
m o r t a l i t y  o f  b rook  t r o u t  was 1 .2 5 #  among u n t r e a te d  f i s h ,  9 2 .5 #  
among f i s h  exposed  to  2 .0  m g/kg/w eek o f  DDT, and 9 6 .2 #  among 
f i s h  exposed  to  3 .0  m g /kg /w eek . No m o r t a l i t y  o c c u r re d  u n t i l  th e  
2 0 th  week o f  th e  s t a r v a t i o n  p e r io d .  The mean w e ig h t and c o e f ­
f i c i e n t  o f  c o n d i t io n  p r i o r  t o  s t a r v a t i o n ,  a s  w e ll  a s  th e  l e n g th  
o f  s u r v iv a l  i n  d a y s  a r e  g iv e n  i n  T ab le  3 . No s i g n i f i c a n t  c o r r e ­
l a t i o n  e x i s t e d  be tw een  th e  c o e f f i c i e n t  o f  c o n d i t io n  and th e  
l e n g th  o f  s u r v iv a l  o f  i n d iv i d u a l  f i s h *  T h e re fo re  th e  u n a d ju s te d  
sums o f  s q u a re s  w ere t e s t e d  u s in g  an a n a l y s i s  o f  v a r i a n c e .  T h is  
a n a l y s i s  i n d ic a t e d  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  i n  th e  l e n g th  
o f  s u r v iv a l  e x i s t e d  due to  d o sa g e , se x , and ty p e  o f  s t a r v a t i o n  
(T a b le  7 ) .  P i s h  exposed  to  th e  h ig h e r  d o sag e  d id  n o t  s u rv iv e  
a s  lo n g  a s  f i s h  exposed  to  th e  lo w e r d o sa g e , m a le s  d id  n o t  
s u r v iv e  a s  lo n g  a s  fe m a le s ,  and f i s h  c o m p le te ly  s ta r v e d  d id  
n o t  s u r v iv e  a s  lo n g  a s  th o s e  p a r t i a l l y  s t a r v e d .  No s i g n i f i c a n t  
i n t e r a c t i o n  was i n d i c a t e d .  S t a t i s t i c a l  s i g n i f i c a n c e  was b a sed  
on a  p r o b a b i l i t y  l e v e l  o f  0 .0 5  . The r e s u l t s  o f  th e  r e s id u e  
a n a ly s e s  o f  sam p le s  from  th e  s t r e s s  e x p e rim e n t a r e  g iv e n  in  
T ab le  4 .
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R e g a rd in g  th e  p r e v io u s ly  r e p o r te d  d i f f e r e n c e s  i n  th e  s i z e  
o f  i n s e c t i c i d e - t r e a t e d  f i s h ,  th e  p o s s i b i l i t y  e x i s t e d  t h a t  th e  
o b se rv e d  d i f f e r e n c e s  w ere e i t h e r  due to  random v a r i a t i o n  o r  
w ere th e  r e s u l t  o f  s e l e c t i v e  m o r t a l i t y  o r  sa m p lin g  among th e  
t e s t  p o p u la t io n .  H ow ever, i n  my e x p e r im e n ts , d i f f e r e n c e s  i n  
w e ig h t g a in  be tw een  exposed  and unexposed  f i s h  c o u ld  n o t  have 
b een  due to  any o f  th e  above f a c t o r s ,  and were c o n s id e r e d  to  
be  a  d i r e c t  r e s u l t  o f  e x p o su re  to  DDT. A lso , th e  r e s u l t s  o f  
t h i s  s tu d y  in d ic a t e d  t h a t  t h i s  e f f e c t  o c c u r re d  i n  b o th  s e x e s  
among s e x u a l ly  im m ature  D D T -trea ted  f i s h .  T h is  s u p p o r te d ,  a t  
l e a s t  i n  p a r t ,  a  s u g g e s te d  e x p la n a t io n  f o r  an a p p a re n t  s e x -  
l im i t e d  g ro w th  i n c r e a s e  i n  s e x u a l ly  m a tu r in g  m ale  b ro o k  t r o u t  
f e d  s i m i l a r  l e v e l s  o f  DDT. I  s u g g e s te d  t h a t  su ch  an in c r e a s e  
may n o t  have  o c c u r re d  in  s e x u a l ly  m a tu r in g  fe m a le s  b e c a u se  
a  s i g n i f i c a n t  p o r t i o n  o f  th e  a cc u m u la te d  DDT was i s o l a t e d  in  
d e v e lo p in g  ova  (M acek, 1 9 6 8 ) .
The p r o c e s s e s  in v o lv e d  i n  p ro d u c in g  in c r e a s e d  w e ig h t 
g a in  among i n s e c t i c i d e - t r e a t e d  f i s h  a r e  a s  y e t  unknown. My 
own p e r s o n a l  o b s e r v a t io n s ,  and th o s e  o f  Mount (1 9 6 2 ) , r e g a r d in g  
th e  r e l a t i v e  am ounts o f  f a t  d e p o s i t s  i n  t r e a t e d  and u n t r e a te d  
f i s h  s u g g e s te d  t h a t  p e rh a p s  a c c u m u la tio n  o f  body f a t  was 
r e s p o n s ib le  f o r  th e  o b se rv e d  d i f f e r e n c e s .  S t a t i s t i c a l  a n a l y s i s  
o f  th e  d e te r m in a t io n  o f  body f a t  i n  th e  sam p les from  t h i s  
e x p e r im e n t i n d ic a t e d  no s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  among
9the various groups (Table 6 ) . However, the number o f  samples 
analyzed was sm all and the r e s u lt s  should not be considered  
co n c lu s iv e . I  b e lie v e  further in v e s t ig a t io n  i s  necessary  
before the accumulation o f  body fa t  i s  re jec ted  as a p o ss ib le  
explanation  o f in sec tic id e -in d u ced  in crea ses  in  f i s h  w eight.
D if f e r e n c e s  in  th e  t o t a l  r e s i d u e s  found  i n  f i s h  exposed  
d a i l y  and th o s e  exposed  tw ic e  w eek ly  c o u ld  r e f l e c t  d i f f e r e n c e s  
i n  u p ta k e ,  m e ta b o lism , o r  e x c r e t io n  o f  DDT. The h ig h e r  r e s i d u e s  
i n  f i s h  ex p o sed  d a i l y  i n d ic a t e d  e i t h e r  a  m ore e f f i c i e n t  u p tak e , 
o f  DDT by f i s h  i n  t h i s  g ro u p , o r  m ore e f f i c i e n t  i n s e c t i c i d e  
m e tab o lism  and e x c r e t io n  by f i s h  exposed  tw ic e  w eek ly . The 
o c c u r re n c e  o f  a  s i g n i f i c a n t l y  h ig h e r  p e r  c e n t  o f  DDT m etabo­
l i t e s  i n  sam p le s  from  th e  fo rm e r  g ro u p  i n d i c a t e d  t h a t  th e  h ig h e r  
r a t e  o f  e x c r e t i o n ,  o r  a  l e s s  e f f i c i e n t  u p ta k e ,  o f  th e  i n s e c t i ­
c id e  o c c u r re d  i n  f i s h  exposed  tw ic e  w eek ly . M o re llo  (1965) 
r e p o r t e d  t h a t  th e  in  v i t r o  m e ta b o l iz in g  c a p a c i ty  o f  r a t  l i v e r  
m icro som es was a p p a r e n t ly  in c r e a s e d  o n ly  72 h o u rs  a f t e r  i n  
v iv o  e x p o su re  t o  DDT. Assum ing a  s i m i l a r  enzyme in d u c t io n  
c o u ld  o c c u r  i n  f i s h ,  i t  i s  p o s s ib l e  t h a t  th e  more c o n tin u o u s  
ty p e  o f  e x p o su re  c o u ld  m a in ta in  th e  in c r e a s e d  l e v e l  o f  enzy­
m a tic  a c t i v i t y  more e f f i c i e n t l y  th a n  th e  m ore i n t e r m i t t e n t  
ty p e  o f  e x p o su re . T h is would r e s u l t  i n  th e  h ig h e r  p e r  c e n t  
o f  DDT m e ta b o l i t e s  i n  f i s h  exposed  d a i l y .  The e v id e n c e  from 
t h i s  s tu d y  i n d ic a t e d  t h a t  th e  u s e  o f  a  w eekly  d o sag e  r a t e ,  
w i th o u t  s u f f i c i e n t  in fo r m a t io n  r e g a r d in g  s p e c i f i c  m ethods o f  
a p p l i c a t i o n ,  i s  in a d e q u a te  f o r  r e p o r t i n g  and com paring
in d e p e n d e n t i n v e s t i g a t i o n s  o f  f i s h - p e s t i c i d e  r e l a t i o n s h i p s .
The s u s c e p t i b i l i t y  o f  i n s e c t ic id e - e x p o s e d  a n im a ls  to  
a d d i t i o n a l  s t r e s s  i s  w e ll  docum ented f o r  h ig h e r  v e r t e b r a t e s .
As e a r l y  a s  1947, F i tz h u g h  and N e lso n  showed t h a t  r a t s  ex p o sed  
t o  DDT e x h ib i t e d  m arked tre m o rs  when th e y  w ere d e p r iv e d  o f  
fo o d  c o m p le te ly .  D ale  e t  a l .  (1962) d e m o n s tra te d  c l e a r l y  th e  
p r o c e s s e s  o c c u r r in g  d u r in g  th e  s t a r v a t i o n  o f  DDT exposed  r a t s .  
They showed an e x p e c te d  r a p id  r e d u c t io n  in  body w e ig h t, an 
in c r e a s e d  c o n c e n t r a t io n  o f  DDT and DDE i n  th e  f a t ,  and i n ­
c r e a s e s  i n  o th e r  t i s s u e s  i n d i c a t i n g  t h a t  an e q u i l ib r iu m  was 
m a in ta in e d .  B e rn a rd  (1963) s t a t e d  t h a t  when DDT-exposed b i r d s  
w ere s t a r v e d ,  f a t  was m e ta b o liz e d  and DDT was t r a n s f e r e d  to  
m ore v i t a l  a r e a s  su ch  a s  th e  b r a i n .
The DDT-exposed b rook  t r o u t  w hich w ere n o t  f e d  e x h ib i t e d  
th e  c h a r a c t e r i s t i c  d e c re a s e  i n  body w e ig h t (mean o f  2 9 .1 #  a t  
d e a th )  and in c r e a s e  i n  th e  c o n c e n t r a t io n  o f  DDT r e s id u e s ;  i n  
a d d i t i o n ,  th e y  s u rv iv e d  an a v e ra g e  o f  o n ly  183 d ay s  a s  com pared 
w ith  9 8 .7 #  s u r v iv a l  o f  u n t r e a t e d  f i s h  a f t e r  270 d a y s . These 
o b s e r v a t io n s  s u g g e s t  t h a t  m o b i l i z a t io n  o f  DDT r e s i d u e s ,  s im i­
l a r  to  t h a t  d e s c r ib e d  in  h ig h e r  v e r t e b r a t e s ,  o c c u r re d  i n  t h e s e  
f i s h  and was r e s p o n s ib l e  f o r  th e  o b se rv e d  m o r t a l i t y .  However, 
o th e r  o b s e r v a t io n s  i n d ic a t e d  t h a t  s t a r v a t i o n  was n o t  th e  s o le  
s t r e s s  in v o lv e d  i n  p ro d u c in g  th e  o b se rv e d  m o r t a l i t y  among 
D D T -trea ted  f i s h .  F o r exam ple , a l th o u g h  th e  exposed  f i s h  
w hich w ere p a r t i a l l y  s ta r v e d  s u rv iv e d  o n ly  an a v e ra g e  o f  192 
d a y s , th e y  e x h ib i t e d  an a v e ra g e  d e c re a s e  i n  body w e ig h t o f
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o n ly  0 ,8 # ,  s u g g e s t in g  t h a t  i n  t h i s  g ro u p  t o t a l  body f a t  was 
n o t  d e c r e a s e d .  A lso  th e  s i m i l a r i t y  i n  th e  l e n g th  o f  s u r v iv a l  
o f  p a r t i a l l y  and c o m p le te ly  s t a r v e d  f i s h  r e c e iv in g  t h e  h ig h  
DDT d o sag e  i n d ic a t e d  th e  m o r t a l i t y  i n  th e s e  g ro u p s  p ro b a b ly  
was n o t  due to  th e  s t r e s s  o f  s t a r v a t i o n  a lo n e .  I t  seem s p ro ­
b a b le  t h a t  a  c o m b in a tio n  o f  s t r e s s e s ,  o f  w hich  s t a r v a t i o n  
may o r  may n o t  have been  th e  m ost im p o r ta n t ,  was r e s p o n s ib l e  
f o r  th e  m o r t a l i t y  o f  DDT-exposed b rook  t r o u t .  T hat s i g n i f i c a n t  
m o r t a l i t y  d id  n o t  o c c u r  u n t i l  th e  w a te r  te m p e ra tu re  began  to  
d e c re a s e  s u g g e s te d  te m p e ra tu re  may have been  one o f  th e s e  o th e r  
f a c t o r s  ( s e e  F ig u re  1 ) .  DDT-exposed salm on w ere shown to  be 
e x tre m e ly  s e n s i t i v e  to  d e c r e a s in g  w a te r  te m p e ra tu re  ( F i s h e r i e s  
R e se a rc h  B oard o f  C anada, 1 9 6 1 ) . F u r th e r  e v id e n c e  o f  th e  se n ­
s i t i v i t y  o f  DDT-exposed salm on to  te m p e ra tu re  d e c r e a s e s  was 
p ro v id e d  by O g i lv ie  and A nderson (1965) who su g g e s te d  t h a t  
DDT may i n t e r f e r e  w ith  norm al th e rm a l a c c l im a t io n  m echan ism s. 
The p h y s io lo g ic a l  s t a t e  a s s o c i a t e d  w ith  spaw ning  a c t i v i t y  may 
have c o n t r ib u te d  to  th e  m o r t a l i t y  o f  DDT-exposed b ro o k  t r o u t .  
A l l i s o n  e t  a l .  (1964) r e p o r t e d  t h a t  l o s s e s  fo l lo w in g  spaw ning  
w ere h ig h e r  i n  s t r i p p e d  fe m a le s  from  h ig h  d o sag e  l o t s  th a n  
from  lo w e r d o sag e  l o t s .
The c a u s e s  f o r  th e  d i f f e r e n c e  i n  th e  s u s c e p t i b i l i t y  o f  
DDT-exposed m ale  and fem ale  b rook  t r o u t  w ere n o t  d e te rm in e d .
One p o s s ib l e  e x p la n a t io n ,  c o n s i s t e n t  w ith  an e a r l i e r  s u g g e s te d  
e x p la n a t io n  f o r  sex  d i f f e r e n c e  i n  th e  g ro w th  o f  DDT-exposed 
t r o u t ,  i s  t h a t  a  s i g n i f i c a n t  p o r t io n  o f  th e  i n s e c t i c i d e
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i n  th e  a d u l t  c o u ld  have  heen  d e p o s i te d  i n  d e v e lo p in g  ova  
w hich  p ro b a b ly  f u n c t io n  a s  an i n e r t  com partm en t. These o v a , 
i f  n o t  r e l e a s e d  d u r in g  th e  spaw ning  s e a s o n , would be  r e s o rb e d  
and th e  s to r e d  i n s e c t i c i d e  would be  r e in t r o d u c e d  i n t o  th e  
g e n e r a l  body c i r c u l a t i o n .  T h is  th e o ry  i s  p a r t i a l l y  s u p p o r te d  
by th e  f a c t  t h a t  among exposed  f i s h  16% o f  th e  m o r t a l i t y  
among th e  fe m a le s  o c c u r re d  a f t e r  November 1 5 , w h ile  61% o f  
th e  m o r t a l i t y  among m a le s  o c c u r re d  p r i o r  to  t h i s  d a t e .  Brook 
t r o u t  a t  Pow der M il l  a r e  u s u a l ly  r i p e  by November 1 -1 5 .
A l im i t e d  amount o f  in fo rm a tio n  i s  a v a i l a b l e  on r e s id u e  
l e v e l s  i n  f i s h  u se d  in  t h i s  s tu d y .  S in c e  t h e r e  was no r e d u c t io n  
in  th e  body w e ig h t o f  f i s h  fe d  a t  th e  re d u c e d  f e e d in g  l e v e l ,  
th e  r e s id u e  c o n c e n t r a t io n s  i n  th e s e  f i s h  a t  d e a th  p ro b a b ly  
a r e  i n d i c a t i v e  o f  th e  r e s id u e s  in  f i s h  a t  th e  b e g in n in g  o f  
th e  s t a r v a t i o n  p e r io d .  The l e v e l s  i n d ic a t e d  f o r  f i s h  exposed  
to  2 .0  m g/kg/w eek i n  th e  s t r e s s  s tu d y  a re  co m p arab le  to  th e  
l e v e l s  found  in  f i s h  exposed  to  th e  same d o sag e  in  th e  g ro w th  
s tu d y . Those i n d ic a t e d  f o r  f i s h  exposed  to  3*0 m g/kg/w eek a r e ,  
a s  e x p e c te d , c o n s id e r a b ly  h ig h e r  th a n  th o s e  i n d ic a t e d  f o r  f i s h  
exposed  to  th e  lo w e r  d o sa g e .
I t  i s  s i g n i f i c a n t  t h a t  th e  c o m b in a tio n  o f  m u l t ip le  
s t r e s s e s ,  s u g g e s te d  a s  a  c a u se  o f  D D T -re la ted  d e la y e d  m o r t a l i t y ,  
i s  one  w hich f r e q u e n t ly  o c c u rs  i n  n a tu r e .  I n  a r e a s  t r e a t e d  
w ith  i n s e c t i c i d e s ,  a  p a u c i ty  o f  f i s h  fo o d  o rg a n ism s  i s  o f t e n  
c h a r a c t e r i s t i c  o f  many w a te r s  d u r in g  l a t e  f a l l  and e a r ly  
w i n t e r ,  te m p e ra tu re ,  o f  c o u rs e ,  w i l l  g e n e r a l ly  be e x h ib i t i n g  
m arked d e c r e a s e s  d u r in g  t h i s  tim e  o f  y e a r .  U nder su ch
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c o n d i t i o n s ,  p o p u la t io n s  o f  f a l l  s p a v n e r s  i n  a r e a s  r e c e n t l y  
t r e a t e d  w ith  i n s e c t i c i d e s  c o u ld  p o s s ib l y  s u f f e r  c o n s id e r a b le  
m o r t a l i t y  due  to  t h e  i n t e r a c t i o n  o f  i n s e c t i c i d e  r e s i d u e s  and 
m u l t i p l e  e n v iro n m e n ta l  s t r e s s e s .
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Table 1.— * The mean weight gain (g) of the individually tagged brook trout(Salvellnus fontinalla)during 
the period of exposure to DDT.
Croup
Lot#
Untreated Fed DDT Dallv Fed DDT Twice Weekly
C-■1 C-■2 D-l D-2 D-3 TW-1 TW-2 TW-3
Male 34.3 (2.8)a 40.6 (2.6)a 43.8 (2.6)a 43.1 (2.7)a 47.7 (4.1)a 42.7 (3.6) a 40.7 (2.8)a 42.5 (3.0)
Female 35.2 (2.3) 35.6 (2.4) 45.3 (2.7) 48.9 (4.1) 40.9 (2.9) 37.6 (2.4) 44.6 (2.6) 43.1 (3.1)
Both 34.8 (1.7) 38.5 (1.9) 44.6 (1.8) 45.9 (2.4) 43.8 (2.1) 39.9 (2.1) 42.4 (1.9) 42.9 (2.1)
Mean 36.6 (1.1) 44.8 (0.8)b*c 41.7 (0.8)b
a Standard Error
b Significantly different from the controls at the 0.05 level. '
T
c Significantly different from those fed twice weekly at the 0.05 level.
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T ab le  2 . —  R e s id u e  c o n te n t  o f  w hole b rook  t r o u t  ( S a lv e l ln u s  
f o n t i n a l i s ) a f t e r  31 w eeks e x p o su re  to  DDT,
Sample W eight T o ta l  R e s id u e s < T o ta l  R e s id u e s
ppm f i s h  ppm fa*k DDT DDD Db£
U n tre a te d
C - l 9 0 .9 0 .4 9 7 .1 9 3 0 .6 3 6 .7 3 2 .7
C - l 7 9 .9 0 .5 9 6 .7 8 3 2 .2 5 1 .0 1 6 .8
C - l 5 2 .3 0 .4 8 6 .4 8 3 5 .4 5 4 .2 1 0 .4
C-2 7 6 .4 0 .5 1 7 .6 6 2 9 .4 6 0 .8 8 .8
C-2 7 0 .8 0 .7 9 9 .0 4 2 9 .1 4 4 .3 2 6 .6
C-2 1 1 0 .0 0 .8 0 9 .1 3 2 8 .7 4 7 .5 26 .1
Mean 8 0 .1 0 .6 1 7 .7 1 3 0 .9 4 9 .0 2 0 .1
Fed DDT 
D a ily
D -l 7 8 .1 1 9 .8 2 2 2 .5 1 3 .0 7 4 .4 1 2 .6
D -l 7 0 .0 1 6 .6 1 7 8 .5 1 0 .2 7 2 .3 1 7 .5
D -l 8 3 -8 1 3 .8 1 4 6 .5 2 6 .0 6 1 .0 1 3 .0
D-2 7 3 .5 1 1 .8 1 7 0 .7 8 .4 7 3 .3 1 8 .3
D-2 1 05 -8 1 2 .3 1 3 0 .1 1 2 .2 7 1 .5 1 6 .3
D-2 1 0 1 .9 1 1 .2 1 3 8 .8 8 .0 7 6 .8 1 5 .2
D-3 7 7 .9 1 3 .4 1 5 6 .5 1 4 .2 7 0 .9 1 4 .9
D-3 7 2 .2 1 3 -6 1 6 5 .0 8 .9 7 6 .4 1 4 .7
D-3 1 2 2 .0 1 2 .3_ 3.20.6 1 9 .6a 6 5 .0 1 5 .4
Mean 8 7 .2 1 3 .8 1 5 8 .8 1 3 .4 7 1 .3 1 5 .3
Fed DDT 
Twice/W eek
TW-1 6 6 .5 1 0 .0 1 4 6 .4 4 8 .4 3 5 .0 1 6 .6
TW-1 6 1 .3 1 0 .8 1 4 3 .9 5 0 .8 3 6 .9 1 2 .3
TW-1 8 7 .9 1 4 .6 1 6 9 .1 5 .7 7 7 .2 1 7 .1
TW-2 6 7 .4 9 .5 1 1 9 .7 1 2 .6 7 4 .8 1 2 .6
TV-2 1 0 0 .0 1 1 -3 1 2 6 .1 1 8 .6 6 5 .5 1 5 .9
TW-2 1 0 4 .2 1 2 .0 1 3 3 .0 3 6 .7 5 1 .6 1 1 .7
TW-3 8 8 .7 1 1 .0 1 5 2 .0 4 0 .9 4 5 .5 13.6
TW-3 9 0 .2 1 0 .2 1 3 0 .0 2 9 .3 5 8 .5 1 2 .2
TW-3 8 1 -8 n . 7 b 126.6*. 3 4 .0 4 9 .0 1 7 .0
Mean 8 3 -5 1 1 .2 1 3 8 .5 ° 3 0 .8 5 5 .0 1 4 .2
a  S i g n i f i c a n t l y  d i f f e r e n t  from  u n t r e a te d  g ro u p s  and g ro u p s
exposed  tw ic e  w eekly  a t  0 .0 5  l e v e l .
S i g n i f i c a n t l y  d i f f e r e n t  from  u n t r e a te d  g ro u p s  a t  0 ,0 5  l e v e l .
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4}
T ab le  3 . —  The mean w e ig h t (g )  and c o e f f i c i e n t  o f  c o n d i t io n
(K) a t  th e  s t a r t  o f  th e  s t a r v a t i o n  p e r io d ,  a s  w e ll  
a s  th e  l e n g t h  o f  s u r v iv a l  i n  d a y s  f o r  i n d i v i d u a l l y  
ta g g e d  b ro o k  t r o u t  d u r in g  th e  p e r io d  o f  s t a r v a t i o n .
T rea tm en t S ta r v a t io n W eight K S u rv iv a l
C o n tro l
C om plete 6 6 .5  ( 2 . 5 ) a 1 .1 7 ( .0 1 ) a 2 6 6 .7  (0 )
P a r t i a l 6 8 .2  ( 2 .5 ) 1 .1 8 ( .0 1 ) 2 7 0 .0  (0 )
2 .0  m g/kg/w eek
C om plete 7 0 .4  ( 2 .1 ) 1 .1 6 ( .0 1 ) 1 8 9 .1  (5 )
P a r t i a l 7 3 .6  ( 2 .5 ) 1 .1 5 ( .0 1 ) 2 0 4 .0  (4 )
3 .0  m g/kg/w eek
C om plete 7 0 .3  ( 2 .5 ) 1 .1 5 ( .0 1 ) 1 7 8 .2  (4 )
P a r t i a l 6 7 .0  ( 2 .3 ) 1 .1 5 ( .0 1 ) 1 8 0 .0  (3 )
# (100 ) (W eight in  gram s)
C o e e f i c i e n t  o f  C o n d i t io n  = ■ ■ . ........ ..................  .......
( l e n g th  i n  cm)3
a  S ta n d a rd  E r r o r
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T ab le  4 . —  P a r t s  p e r  m i l l io n  t o t a l  r e s i d u e s  in  w hole b rook  
t r o u t  ( S a lv e l in u s  f o n t i n a l i s ) s u b je c te d  to  s t a r ­
v a t i o n ,  and th e  p e r  c e n t  w e ig h t l o s s  d u r in g  th e  
s t a r v a t i o n  p e r io d .
T rea tm en t Number S ta r v a t io n  ppm DDT £L oss
C o n tro l
C o n tro l
C om plete





2 .0  m g/kg/w eek









3 .0  m g/kg/w eek









a  P i s h  s t i l l  a l i v e  when ta k e n  f o r  a n a l y s i s .
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T ab le  5 » ~  A n a ly s is  o f  v a r ia n c e  t e s t  o f  th e  d i f f e r e n c e s  in  
th e  w e ig h t and l e n g th  g a in  among b rook  t r o u t  du­
r i n g  th e  p e r io d  o f  e x p o su re  to  DDT.
S ou rce  o f  V a r ia t io n d . f .
Mean S q u a re  
W eight L en g th
T rea tm en t 2 901a 237
Sex 1 103 30
T rea tm en t 2 35 13
E r ro r 178 151 176
a S ig n i f i c a n t ly  d i f f e r e n t  from th e  c o n tr o l  a t  th e  0 .0 5  l e v e l .
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T ab le  6 .—  A n a ly s is  o f  v a r ia n c e  t e s t  o f  th e  d i f f e r e n c e s  i n  th e  
t o t a l  body f a t ,  t o t a l  body r e s i d u e s ,  and th e  p e r  
c e n t  r e s i d u e s  a s  DDT, among b rook  t r o u t  from  th e  
g ro w th  s tu d y .
Mean S quare
Source o f  V ariation  d . f .  ~  Total Reaiduee *  DDT
Alnong l o t s  7 1 .4  101 300
T rea tm en t 2 1 .0  335a  8 55a
E x p e rim e n ta l E r ro r  5 1-5  8 78
a S ig n i f i c a n t ly  d i f f e r e n t  from th e  c o n tr o l  a t  th e  0 .0 5  l e v e l
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T ab le  7*—  A n a ly s is  o f  v a r ia n c e  t e s t  o f  th e  d i f f e r e n c e s  i n  
th e  l e n g th  o f  s u r v iv a l  among DDT-exposed b ro o k  
t r o u t  s u b je c te d  to  s t a r v a t i o n .
S o u rce  o f  V a r ia t io n d . f . Mean Square
Type o f  S t a r v a t io n 1 3 ,0 1 5 a
Sex 1 2 ,8 6 8 a
DDT 1 4 ,3 7 7 a
I n t e r a c t i o n 4 197
E r ro r 152 236
a  S i g n i f i c a n t l y  d i f f e r e n t  from  th e  c o n t r o l  a t  th e  0 .0 5  l e v e l .
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F ig u re  1 . —  W ater te m p e ra tu re  and c u m u la tiv e  m o r t a l i t y  o f  
b rook  t r o u t  ( S a lv e l in u s  f o n t i n a l i s ) d u r in g  th e  
p e r io d  o f  s t a r v a t i o n .
L egend—
T em p era tu re
C o n tro l ,  p a r t i a l  and c o m p le te  s t a r v a t i o n  
im iiR M aM  2 .0  m g /k g /v eek  o f  DDT, p a r t i a l  s t a r v a t i o n
m i....... m u  2 .0  m g /k g /v eek  o f  DDT, c o m p le te  s t a r v a t i o n
.................... 5 .0  m g /k g /v eek  o f  DDT, p a r t i a l  s t a r v a t i o n
5*0 m g /k g /v eek  o f  DDT, c o m p le te  s t a r v a t i o n
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